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ABSTRACT 
 
 It has been shown in previous studies that persons with aphasia (PWA) 
exhibit deficits in cognitive skills, despite the traditional definition of aphasia as an 
impairment specifically in language processing. This project provides an in-depth 
look into one of these cognitive processes: attention. This project views attention 
from a domain-general perspective and is particularly focused on looking at intra-
individual variability (IIV) in attention over time. We begin by presenting a 
schema of attention and language in aphasia, followed by the results of two 
experiments that examine the effect of task demands on attention processing, 
including IIV in performance.  
The first experiment focuses on the effect of task demands on between-
session IIV (BS-IIV) in attention, as well as on group differences between PWA 
and controls, using purely non-linguistic tasks. Results suggest that PWA exhibit 
overall higher degrees of BS-IIV in domain-general, attention than do controls. 
Results also suggest that increased task demands elicit increased BS-IIV in 
attention in PWA, but not in controls.  
vii 
The second experiment examines the effects of task demands on BS-IIV 
as well as on within-session IIV (WS-IIV) in attention, as well as group 
differences between PWA and controls, using both linguistic and non-linguistic 
tasks. Results of this experiment suggest that PWA and controls exhibit similar 
levels of BS-IIV, but that PWA exhibit higher levels of WS-IIV than do controls. 
Additionally, both groups show an effect of task demands on both BS-IIV and 
WS-IIV, such that higher task demands elicit higher levels of both types of IIV. 
Results also suggest that levels of BS-IIV and WS-IIV may rise even further for 
PWA when language demands are added to a task. 
Together, the results of these experiments suggest that PWA experience 
higher degrees of IIV than controls, and that higher task demands, including the 
addition of language tasks, increase PWA levels of IIV even more. These 
findings may have important implications for understanding attention during 
language therapy, as therapy sessions involve complex demands and require 
consistent attention over time. Future research should directly examine the 
relationship between IIV in attention and treatment outcomes in PWA.  
viii 
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1. Project Overview 
The prevalence of aphasia—language impairment as a result of stroke, 
brain injury, or neurological disease — in the U.S. population is currently 
estimated at over one million (National Institute of Neurological Disorders and 
Stroke). Because language abilities are crucial for most jobs and social 
situations, chronic aphasia can prevent individuals from returning to work and re-
integrating into the community. While research has shown that language therapy 
is effective in helping persons with aphasia (PWA) to improve their skills 
(Holland, Fromm, DeRuyter, & Stein, 1996), substantial person-to-person 
differences in response to therapy have consistently been observed. Some 
portion of these differences may be due to factors such as age, education, and 
lesion location; however, the full extent of variability in treatment success has not 
been fully explained (Lazar & Antoniello, 2008), suggesting that other important 
factors impacting treatment outcomes have yet to be identified.  
Increasing focus in the aphasia literature has recently been directed 
towards the role of cognitive processes—including attention, memory, executive 
function, and possibly learning—in understanding and treating aphasia. 
Additionally, several recent theories have specifically discussed the 
interconnectedness of language and cognitive processes in the brain, including 
how this interconnectedness may come to bear on our understanding of the 
nature of aphasia. Recent evidence has also pointed to the likely role of cognitive 
processes in facilitating positive treatment outcomes in PWA; however, much of 
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the literature in this area has collapsed the various cognitive processes together, 
and relatively little is currently known about the respective contributions of 
specific cognitive processes.  
The overarching goal of this project was to conduct an in-depth 
investigation of the nature of one specific cognitive process in aphasia – attention 
– and to validate a theoretical framework for understanding the ways in which 
task demands may impact intra-individual variability (i.e., fluctuations in 
performance over time within a given individual) in attention in PWA. IIV is a 
valuable metric for truly understanding attention, as it offers a way of indexing 
fluctuations in attention that are not accounted for when examining measures of 
central tendency (e.g. mean reaction times within a single session). Two different 
types of IIV have been identified by researchers, each of which has the potential 
to capture fluctuations in a single individual’s performance over time on a given 
task. The first of these is between-session intra-individual variability (BS-IIV), or 
fluctuations in performance from day to day; the second is within-session intra-
individual variability (WS-IIV), or fluctuations in performance from moment to 
moment.  
Although IIV in performance on a variety of cognitive measures has been 
found to be higher in many clinical neurologically impaired populations than in 
healthy individuals, IIV has been rarely been systematically studied in aphasia up 
until this point. However, investigating IIV in attention in aphasia has the potential 
to provide critical insights about PWAs’ ability to attend during language therapy 
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sessions. Therapy sessions require the individual being treated to attend 
consistently over time, and substantial fluctuations in this attention could 
therefore have a notable and negative impact on the degree to which that 
individual is able to make progress. The results of this project thus lay a 
foundation for future work directly investigating the relationship between attention 
and therapy outcomes in aphasia. The following chapter of this manuscript 
consists of a literature review of the current understanding of attention in 
aphasia, and culminates in the creation a schema for understanding the 
relationship between language and attention in aphasia, including the dimension 
of IIV in performance.  
 The subsequent two chapters of this manuscript describe two separate 
experiments examining IIV in attention in aphasia. The first experiment was 
carefully designed to examine BS-IIV in domain-general attention in both PWA 
and healthy controls, using exclusively non-linguistic stimuli. For this experiment, 
five experimental tasks were constructed, each one with incrementally higher 
demands than the previous one. Each participant completed the entire battery of 
five experimental tasks four times, on four different non-consecutive days, 
allowing for the indexation of each individual’s BS-IIV in performance on each 
task. BS-IIV was measured using the coefficient of variation (COV), a metric that 
captures variability in performance while controlling for mean reaction time, thus 
ensuring that participants with overall higher reaction times would not exhibit 
artificially inflated degrees of IIV relative to participants with overall lower reaction 
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times. The results of this study found a group effect, such that PWA exhibited 
higher levels of BS-IIV than controls. It also found a task effect within the PWA 
group, such that increased task demands elicited higher levels of BS-IIV, an 
effect that was not found for controls. 
 Based on the results of this first study, we concluded that in order to fully 
investigate IIV in attention in aphasia, an additional study with a broader scope 
was warranted. This second experiment differed from the first study in two 
important ways. To begin with, while the first experiment looked only at BS-IIV, 
the second experiment looked at both BS-IIV and WS-IIV. Additionally, while the 
first experiment looked at a series of five attention tasks that were all purely non-
linguistic in nature, the second experiment included both non-linguistic and 
linguistic attention tasks, as well as an increased emphasis on multimodal 
integration. Furthermore, the second experiment included several additional 
features to improve experimental control, including counterbalancing the order of 
task administration and ensuring that tasks were always administered at the 
same time of day within a given participant. In this second study, the group 
difference in BS-IIV did not reach significance, a result which differed from what 
was found in the first experiment but which may speak to the importance of task 
demands in eliciting BS-IIV. As for WS-IIV, a significant group effect was found in 
the second experiment, such that PWA exhibited higher levels of WS-IIV than 
controls. For both types of IIV, the second study revealed an effect of task 
demands, such that tasks with higher demands elicited higher levels of BS-IIV 
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and WS-IIV across participants. Finally, this study also uncovered evidence that 
language demands may result in increased levels of BS-IIV and WS-IIV, to a 
greater extent in PWA than in controls.  
 Both experiments investigate critical questions about fluctuations in 
attention over time in PWA; however, they approach this question in different 
ways. The first experiment consisted of an in-depth look at the effect of task 
demands on BS-IIV in non-linguistic attention, whereas the second experiment 
was more focused on looking at the differences between linguistic and non-
linguistic tasks, as well as both BS-IIV and WS-IIV. Taking the results of both 
experiments together, it seems that WS-IIV may be a more sensitive measure of 
attentional fluctuations in PWA. Not only was it found to be higher in PWA than in 
controls, it was also found to correlate well with scores on standardized tests 
measuring both linguistic and non-linguistic tasks. This suggests that PWA 
exhibit increased WS-IIV on a very fundamental, domain-general level, and that 
this in turn pervades many different types of tasks.  
Intra-individual variability in attention over time, though rarely examined in 
aphasia thus far, may turn out to be a critical dimension of performance in this 
population, in situations requiring consistent attention. The results of these 
experiments may therefore have important implications for understanding 
attention deficits in aphasia, as well as their relationship to language deficits in 
this population. Additionally, they may be relevant to someday understanding and 
being able to predict language treatment outcomes, as fluctuations in attention 
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may interfere substantially with an individual’s ability to benefit from a therapy 
program.  
 The final chapter of this manuscript discusses the results of both 
experiments in the context of current research on attention in aphasia, including 
implications for both assessment and treatment in PWA, as well as further 
research that is called for on this topic. The findings of this project provide critical 
information that may be used in future research directly examining the 
relationship between intra-individual variability in attention and language 
treatment outcomes. 
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2. To What Extent does Attention Underlie Language in Aphasia? 
 
**Note: Chapter 2 has been submitted as a review paper to Aphasiology  
and is currently under review**  
 
2.1 Introduction 
Because its most salient symptoms consist of deficits in producing and 
comprehending language, aphasia has often been defined simply as an 
impairment in language processing. However, persons with aphasia (PWA) have 
consistently been found to exhibit impaired performance not only on language 
measures, but also on measures assessing a variety of cognitive skills, including 
attention (Robin & Rizzo, 1989; Tseng, McNeil, & Milenkovic, 1993; Murray, 
Holland, & Beeson, 1998; Murray, 2000; Hunting-Pompon, Kendall, & Moore, 
2011; Murray, 2012), memory (De Renzi & Nichelli, 1975; Albert, 1976; Gainotti, 
Silveri, Villa, & Caltagirone, 1983; Rönnberg, Larsson, Fogelsjöö, Nilsson, 
Lindberg, & Ängquist, 1996; Yasuda, Nakamura, & Beckman, 2000), executive 
function (Glosser & Goodglass, 1990; Beeson, Bayles, Rubens, & Kaszniak, 
1993; Purdy, 2002), and learning (Vallila-Rohter & Kiran, 2013). Such findings 
suggest that the traditional characterization of aphasia as an impairment in 
language processing may be incomplete. 
Among the abovementioned skills, attention is of particular interest in 
aphasia. To begin with, attention may be the most fundamental of the cognitive 
processes, functioning as an implicit prerequisite for the successful execution of 
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a variety of other more complex operations. If stimuli such as pictures, words, 
sounds, or sentences are poorly attended, then tasks requiring the processing, 
encoding, and manipulation of these stimuli will be impossible to successfully 
complete. The potential impact of attention deficits on language assessment and 
treatment is therefore considerable, as both of these require PWA to perform 
high-level tasks such as comprehending task instructions, encoding and retaining 
visual and auditory stimuli (both linguistic and non-linguistic), manipulating 
information, making decisions, formulating responses, and so on, all of which 
presuppose an ability to maintain basic attention to task stimuli. Furthermore, it 
has been suggested that attentional deficits may in fact underlie the language 
deficit in aphasia. McNeil and his colleagues have proposed in a series of 
publications that aphasia is the result of damage to the attentional processes that 
support language processing rather than damage to linguistic knowledge itself 
(McNeil, Odell, & Tseng, 1991; Tseng, McNeil, & Milenkovic, 1993; Silkes, 
McNeil, & Drton, 2004; Hula & McNeil, 2008). For both these reasons, it is 
critically important to continue to work towards a fuller understanding of the 
nature of attention in aphasia, and, in particular, the impact that attention deficits 
may have on language in this population. 
The goal of this review is to critically evaluate the literature examining the 
relationship between attention processing and language processing in aphasia. 
We will begin by briefly reviewing the construct of attention in healthy 
populations, noting especially the consistent framing of attention as a limited-
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capacity, domain-general resource, as well as the existence of multiple types of 
attention. We will then review and discuss the literature on attention in aphasia, 
paying particular attention to findings regarding the existence of a domain-
general attention deficit and its possible impact on language performance. 
Finally, we will discuss a dimension of attention that has rarely been considered 
in the aphasia literature – that of intra-individual variability over time – and will 
make a case for why this dimension may be critical to fully understanding 
attention in aphasia. Reviews of these topics will lead to the construction of a 
schema illustrating the relationship between attention and language in aphasia. 
Gaining a better understanding of this relationship will bring us one step closer to 
discovering how attention may contribute to impaired performance on language 
assessments in this population, as well as to what extent it may influence 
language treatment outcomes. 
2.2. Attention in Healthy Individuals 
While neuropsychological models of attention in healthy individuals differ 
from each other in some respects, they are unified by two broad features. The 
first of these is their common framing of attention as a domain-general resource. 
The attention system is thought to consist of a limited-capacity pool of resources 
that may be flexibly allocated to various types of tasks, both linguistic and non-
linguistic in nature (e.g. Broadbent, 1958; Kahneman, 1973; Pashler, 1984; 
Navon & Miller, 2002). Because the overall capacity is limited, the greater the 
amount of attention directed towards one task, the less the amount that remains 
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available to be directed towards other tasks. This conceptualization of the 
attention system serves to explain why healthy individuals exhibit slower 
response times during dual-task than single-task situations (a dual-task situation, 
by definition, requires participants to attend to two distinct tasks at once, dividing 
their attention between the two). In dual-task situations, the addition of a second 
task increases the demand on the pool of resources, the system reaches 
capacity, and slowed processing results. Importantly, because attention is 
thought to be a domain-general resource, it should not matter whether either task 
is linguistic or non-linguistic in nature.  
Another unifying feature of the literature on attention in healthy individuals 
is that different tasks and situations may require different types of attention, 
depending on task demands, including how many sets of stimuli are present, as 
well as which one(s) must be responded to or ignored (e.g. Posner & Petersen, 
1990; Mirsky, Anthony, Duncan, Ahearn, & Kellam, 1991; Petersen & Posner, 
2012). More complex types of attention involving more sets of stimuli may place 
higher demands on the limited-capacity attention system. Because the focus of 
this review is on attention in aphasia, we will refer primarily to the types of 
attention presented in Sohlberg and Mateer’s clinical neuropsychological model 
(Sohlberg & Mateer, 2001), which is based on the highly predictable stages of 
recovery from brain injury and is frequently referenced in the aphasia literature.  
Notably, Sohlberg and Mateer’s model is characterized by a hierarchical 
complexity in which less complex types of attention are prerequisites for more 
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complex types, in much the same way that attention in general is a prerequisite 
for more complex cognitive operations. Sohlberg and Mateer list the simplest 
type of attention as focused attention, or responding to discrete stimuli. The next 
type of attention, slightly more complex, is sustained attention, or responding 
consistently to stimuli over time; the next is selective attention, which is 
equivalent to sustained attention plus a set of distractor stimuli. The two most 
complex types of attention in the model are alternating attention, which involves 
shifting attention between different tasks, and divided attention, or attending to 
two tasks or sets of demands simultaneously. Because language assessment 
and treatment session demands vary widely, they may, at different times, require 
most or all of the levels of attention described above. Sustained attention, for 
instance, is likely necessary for maintaining focus throughout the course of a 30-
minute or 60-minute assessment or treatment session. Likewise, selective 
attention may be required in busy therapy settings, such as inpatient hospital 
rooms, that contain numerous sources of visual and auditory distractions (e.g. 
bulletin boards; intercom announcements; doctors, nurses, and visitors coming in 
and out). Alternating attention may be required when switching from one therapy 
task to another, and divided attention may be required during complex therapy 
tasks containing multiple sets of demands.  
These two unifying features of models of attention in healthy populations – 
i.e., that a) attention is a limited-capacity, domain-general resource that may be 
allocated to provide support for different types of tasks, including those involving 
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speech-language processing, and b) the particular type (or level) of attention 
required is task- and situation-dependent – are encapsulated in the literature 
cited in the above paragraphs, as well as others (e.g. Driver, 2001; Raz & Buhle, 
2006; Cohen, 2014); the reader is referred to these publications for additional 
details of those models. For the purposes of this review, however, these two 
features form the basis of the initial version of our schema of the relationship 
between attention and language in aphasia (see Figure 2.1). In addition, the 
schema also illustrates that various levels of attention provide support for 
speech-language processing tasks, as well as that both attention processing and 
language processing may come to bear on language assessment and treatment.  
 
Figure 2.1. Initial version of schema of attention and language in aphasia. 
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Although the focus of this review is primarily on attention as a 
neuropsychological construct rather than a neurological process, it is worth 
noting that the brain structures that have been implicated in attention processing 
are many and varied. One influential model of visual attention identifies two 
distinct attention networks: a dorsal attention network which is thought to mediate 
top-down voluntary attention and includes the bilateral intraparietal sulcus and 
frontal eye fields, and a ventral attention network, mainly right-lateralized, which 
is thought to mediate bottom-up attention to unexpected stimuli and 
encompasses the temporoparietal junction and the ventral frontal cortex 
(Corbetta & Shulman, 2002). Another seminal model conceptualizes attention as 
comprising three distinct neural systems and identifies major attention processing 
regions to include the brainstem, right cortex, midline frontal/anterior cingulate 
cortex, and parietal cortex (Posner & Petersen, 1990; Petersen & Posner, 2012). 
A somewhat different view suggests that attention processing may in fact involve 
a broad cognitive network including regions such as the supplementary motor 
area and adjacent anterior cingulate, inferior frontal sulcus, anterior insula and 
adjacent frontal operculum, as well as the intraparietal sulcus (Duncan, 2006). In 
addition to these regions, activation of the default mode network (DMN), which 
encompasses the dorsal and ventral medial prefrontal cortex, posterior cingulate, 
precuneus, and inferior parietal lobule (Raichle, MacLeod, Snyder, Powers, 
Gusnard, & Shulman, 2001; Buckner, Andrews-Hanna, & Schachter, 2008) is 
thought to be inversely related to attention processing: when attention is not 
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engaged, DMN activation increases, but when attention is engaged, DMN 
activation decreases.  
A full review of the neural substrates of attention is beyond the scope of 
this review. However, what the aforementioned studies, and others, underscore 
is that domain-general attention is thought to be subserved by a relatively wide 
variety of different regions in the brain, and that the regions recruited for attention 
may therefore be heavily intertwined with those recruited for language 
processing. The finding that PWA often exhibit attention deficits in addition to 
language deficits is in keeping with the connectedness between these two sets of 
processes in the brain. Additionally, the existence of a vast attention network in 
the brain suggests that attention is likely vulnerable to damage as a result of 
even minor stroke or brain injury. 
2.3. Attention Deficits in Aphasia 
The concept of attention as a limited-capacity, domain-general resource is 
highly relevant to understanding attention in aphasia, since aphasia by definition 
occurs as a result of acquired injury to a previously healthy adult brain. The 
difficulty of examining attention in PWA, however, is that these individuals’ 
language impairment typically overshadows their attention deficits. As noted by 
Heuer & Hallowell (2015), teasing apart the relative contributions of impaired 
attention and impaired language to PWA performance on a task that requires 
both types of processing is a challenging task. When measuring domain-general 
attention, therefore, the most effective way to avoid this confound is to 
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circumvent the language system by utilizing tasks that contain exclusively non-
linguistic stimuli. If the attention deficit in PWA is indeed domain-general in 
nature, then even performance on non-linguistic attention tasks would be 
expected to be impaired relative to that of controls. 
Studies using non-linguistic stimuli to investigate attention in aphasia have 
indeed revealed impaired performance in PWA relative to controls. One relatively 
early study investigated orienting attention – another term for focused attention – 
using a non-linguistic task involving boxes and arrows, and found that PWA 
performed more slowly than controls and, furthermore, did not benefit from 
attentional cues (Robin & Rizzo, 1989). A different study by Peach and 
colleagues used ERPs to investigate sustained and selective attention in PWA 
and controls, using non-linguistic tones as stimuli; results showed that while 
early, or automatic (N2), response latencies were similar between PWA and 
controls, secondary responses (as measured by N2-P3 inter-peak latencies) 
were delayed in PWA, suggesting difficulty with task-based attending (Peach, 
Newhoff, & Rubin, 1993). Interestingly, a subsequent study by the same authors 
that also used non-linguistic tones as stimuli did find evidence of impaired early 
responses in PWA (Peach, Rubin, & Newhoff, 1994). A later study by Erickson 
and colleagues examined sustained and divided attention in PWA, also using 
non-linguistic tones and harmonics, as well as the Wisconsin Card Sorting Task 
(Grant & Berg, 1981), which involves geometric shapes; results showed that 
while PWA performed similarly to controls during the simpler sustained attention 
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condition, their performance was significantly worse than that of controls during 
the more complex divided attention condition (Erickson, Goldinger & LaPointe, 
1996). Another study examining sustained attention in PWA included a condition 
using tones and harmonics but no linguistic stimuli; results showed that PWA 
achieved poorer accuracy than controls even though this condition was non-
linguistic in nature (Laures, 2005). A more recent study used the Covert Orienting 
of Visuospatial Attention Test (COVAT; Posner & Cohen, 1980), a non-linguistic 
task in which left/right cues (boxes) were presented prior to a target “X”, to 
examine attention in PWA and controls. This study found PWA performance to 
be impaired relative to that of controls in one task condition. 
To summarize, each of the above studies examined non-linguistic 
attention in aphasia, and although they used a variety of different tasks, methods, 
and metrics to examine a variety of types of non-linguistic attention, each one 
found evidence of impaired performance in PWA relative to healthy individuals on 
at least one task or condition. Collectively, these results point to a broad domain-
general attention deficit in aphasia that impacts a variety of types of attention, as 
well as both the auditory and visual modalities. Such a pervasive deficit has 
profound implications for understanding the extent to which attention may 
underlie language deficits in aphasia. If attention is viewed as a domain-general 
resource that is drawn upon for the execution of more complex linguistic and 
non-linguistic tasks, an impairment in basic attention would almost certainly be 
expected to negatively impact language performance. It should also be noted 
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that differences between PWA and controls were especially likely to be observed 
if the experimental task had high demands and/or required a more complex type 
of attention, such as divided attention. It has been suggested that PWAs’ 
particular difficulty with dual-task, or divided, attention paradigms arises from a 
deficit in the allocation of attention resources (e.g. Hula & McNeil, 2008) – that is, 
when it comes to complex or dual-task situations, PWA may have an impaired 
ability to allocate their available attentional resources among different tasks or 
modalities.  
Several other studies have taken the investigation of domain-general 
attention in aphasia a step further by directly comparing PWA performance on 
linguistic vs. non-linguistic attention tasks. While the challenge of disentangling 
the relative contributions of language deficits and attention deficits on linguistic 
attention tasks has yet to be overcome, these studies can still provide us with 
valuable information about how the relationship between attention and language 
in PWA may change as attentional demands increase. A study by Laures, Odell, 
and Coe (2003) measured sustained attention (termed “vigilance” in this study 
and represented by an accuracy-based metric) on a simple task in two different 
conditions, one involving spoken monosyllabic words (linguistic) and one 
involving harmonic tones (non-linguistic). Results showed that although PWA’s 
vigilance was significantly lower than that of controls on both conditions, within 
the PWA group vigilance did not differ between the linguistic and non-linguistic 
conditions. This result suggests that as long as demands on the attention system 
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are relatively low, PWA perform similarly regardless of the presence or absence 
of language processing demands.  
Interestingly, other studies have revealed that when attention demands 
are higher, as in dual-task paradigms, linguistic stimuli and non-linguistic stimuli 
may have different effects on performance. One study compared the effect of 
adding a secondary linguistic task vs. a secondary non-linguistic task to a 
primary linguistic task and found that adding a secondary linguistic task resulted 
in a greater degree of primary task slowing than adding a secondary non-
linguistic task did (Murray, Holland, & Beeson, 1998). A later study using a 
comparable paradigm also suggested that a secondary linguistic task produced 
somewhat greater response-slowing effects than a secondary non-linguistic task, 
although in this case the effect did not reach significance (Hula, McNeil, & Sung, 
2007). The results of these studies suggest that not only do PWA have difficulty 
with dual-task paradigms in general, they have even more difficulty when 
language processing demands are added. They suggest that a highly taxed 
attention system may negatively impact language processing in PWA, which in 
turn suggests that attention may underlie language to some extent.  
2.4. To What Extent does Domain-General Attention Underlie Language in 
Aphasia? 
Recall McNeil and his colleagues’ theory that essential linguistic 
knowledge is preserved in PWA, and that aphasia is the result of damage to 
attentional processes that support language processing, and that this damage 
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may have implications for the allocation of attention resources (McNeil, Odell, & 
Tseng, 1991; Tseng, McNeil, & Milenkovic, 1993; Silkes, McNeil, & Drton, 2004; 
Hula & McNeil, 2008). The concept of a language deficit driven solely or primarily 
by attention deficits is consistent with findings of a domain-general attention 
deficit in PWA. Indeed, one recent study reported robust associations between 
scores on standardized tests of attention and standardized tests of language in 
PWA (Murray, 2012). Attention severity was assessed in this study using both 
the Test of Everyday Attention (TEA; Robertson, Ward, Ridgeway, & Nimmo-
Smith, 1994) and the Behavioral Inattention Test (BIT; Wilson, Cockburn, & 
Halligan, 1987); language status was measured by both the Aphasia Diagnostic 
Profiles (ADP; Helm-Estabrooks, 1992) and the American Speech-Language-
Hearing Association Functional Assessment of Communication Skills for Adults 
(ASHA FACS; Frattali, Thompson, Holland, Wohl, & Ferketic, 1995). Results 
showed positive associations between attention scores and language scores 
across a sample of 39 PWA with different aphasia types, showing that attentional 
deficits are associated with language deficits. 
While Murray’s findings are notable due to her use of standardized 
measures, other studies looking for associations between scores on language 
measures and performance on experimental tasks have not always yielded the 
same results. One study found that the degree of patient-to-patient variability in 
performance on an experimental non-linguistic attention task could not be fully 
explained by either aphasia severity or months post onset (Erickson, Goldinger, 
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& LaPointe, 1996). Another study did find an association between performance 
on an experimental attention task and lesion site (frontal/posterior); however, no 
association was found between performance on the attention task and overall 
aphasia severity as measured by the ADP (Murray, Holland, & Beeson, 1998). If 
language deficits in PWA are simply a consequence of attention deficits, then we 
would expect to see a clear and consistent association between attention 
severity and language severity among these patients, whereas in fact, results of 
studies looking for such an association have been mixed. On a slightly different 
and broader topic, a number of studies looking at the relationship between 
language and cognitive abilities in general in PWA have found no association 
between the two (Van Mourik, Verschaene, Boon, Paquier, et al., 1992; Helm-
Estabrooks, Bayles, Ramage, & Bryant, 1995; Helm-Estabrooks, 2002). 
That being said, the fact that associations were found in at least some of 
these studies suggests that attention deficits and language deficits do not vary 
wholly independently in aphasia. Like Murray (1999), we support a somewhat 
weaker conceptualization of the impact of attention on language in aphasia than 
has been suggested by Hula and colleagues. The revised version of our schema 
(see Figure 2.2) offers a view of the relationship between attention and language 
in aphasia which allows for a strong influence of attention on language, but which 
also takes into account the selective effects of brain damage on attention and 
language, respectively. In other words, we suggest that domain-general attention 
deficits may not be fully reflected by language scores in PWA, and, likewise, that 
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two individuals with comparable language scores may not necessarily exhibit 
similar degrees of a domain-general attention deficit. Such a view is consistent 
with models of attention in normal populations and is supported by the available 
evidence on attention in aphasia from both behavioral and neurological studies.  
 
Figure 2.2. Revised version of schema of attention and language in aphasia, 
factoring in a differential impact of brain damage on language and attention. 
 
 
2.5. Intra-Individual Variability 
In this final section, we discuss one additional dimension of attention: that 
of intra-individual variability over time (IIV). Attention has frequently been 
assessed in empirical studies by administering an experimental task on a single 
occasion and averaging accuracy and/or reaction times across trials. While this 
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approach has the benefit of simplicity, it unfortunately does not give us the ability 
to capture time-based fluctuations in performance. IIV in attention is of particular 
interest in aphasia, as the types of attention that are likely required for language 
testing and treatment contexts – sustained, selective, alternating, and divided 
attention – are, by definition, intertwined with time-based performance. 
Examining the degree to which attention fluctuates over time, therefore, may 
prove critical to fully understanding attention in PWA. Researchers have 
identified two different types of IIV, which we will refer to here as day-to-day, or 
between-session, IIV (BS-IIV), and moment-to-moment, or within-session, IIV 
(WS-IIV). 
Though IIV in performance on cognitive tasks such as attention has been 
little studied in aphasia to date, there is a growing body of literature on healthy 
populations suggesting that time-based fluctuations in a given individual’s 
performance on a given cognitive task may be an important metric to consider 
(Hultsch, MacDonald, & Dixon, 2002; Esterman, Noonan, Rosenberg, & DeGutis, 
2012). IIV is thought to be stable within – but not across – individuals (Rabbitt, 
Osman, Moore, & Stollery, 2001), and has been found to be higher in older 
individuals relative to younger individuals (MacDonald, Li, & Bäckman, 2009; 
Dykiert, Der, Starr, & Deary, 2012), as well as negatively associated with 
intelligence (Rabbitt, Osman, Moore, & Stollery, 2001; MacDonald, Nyberg, & 
Bäckman, 2006). Additionally, a variety of clinical populations have been found to 
exhibit increased IIV relative to healthy controls on cognitive tasks. These 
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populations include traumatic brain injury (Stuss, Pogue, Buckle, & Bondar, 
1994; Bleiberg, Garmoe, Halpern, Reeves, & Nadler, 1997), dementia (Hultsch, 
MacDonald, Hunter, Levy-Bencheton, & Strauss, 2000; Murtha, Cismaru, 
Waechter, & Chertkow, 2002), ADHD (see Tamm, Narad, Antonini, O’Brien, 
Hawk & Epstein, 2012 for a review) and multiple sclerosis (Wojtowicz, Ishigami, 
Mazerolle, & Fisk, 2014), as well as Alzheimer’s Disease and Parkinson’s 
Disease (Burton, Strauss, Hultsch, Moll, & Hunter, 2006).  
Despite the fact that there exists a robust literature on IIV in performance 
on cognitive tasks in both healthy individuals and other clinical populations, only 
one study to date has closely examined IIV on a cognitive task in PWA1. More 
specifically, we recently investigated BS-IIV in domain-general attention in 
aphasia in 18 PWA and a small group of similarly-aged healthy controls by 
creating a battery of five non-linguistic experimental tasks which were similar in 
most respects – each task asked participants to attend to simple dots and/or 
tones and press a button indicating if the target stimulus occurred on the right, 
occurred on the left, or was absent – but which varied in terms of task complexity 
(i.e. the type, or level, of attention required) (Villard & Kiran, 2015). We 
administered this identical battery four different times, on four different non-
consecutive days, to each participant. Reaction times from correct responses 
were then used to calculate an index of BS-IIV for each participant on each task. 
Results showed a group difference between PWA and controls, such that PWA 
																																								 																				
1	The published study referenced here (Villard & Kiran, 2015) appears in this manuscript as 
Chapter 4. It is referenced in this way in Chapter 2 because it had already been published at the 
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exhibited higher levels of BS-IIV in attention than did controls. Additionally, PWA 
were found to exhibit increased levels of BS-IIV in performance when task 
complexity was increased, whereas controls showed no such pattern. These 
findings – the first of their kind – strongly suggest that BS-IIV in domain-general 
attention is worthy of further investigation in PWA. Regarding WS-IIV, only one 
study to date has directly examined this dimension of in attention in aphasia: 
King (1995) noted that variability in reaction time was higher for PWA than for 
controls both on a linguistic and on a non-linguistic attention task, as well as on a 
dual-task paradigm involving both a linguistic and a non-linguistic attention task. 
As WS-IIV concerns fluctuations in attention over a continuous period of minutes 
or hours, it is directly relevant to attention during a single assessment or 
treatment session and may therefore turn out to be a critical metric in 
understanding attention in aphasia.  
Another motivation for studying IIV in attention in aphasia is that PWA 
have been frequently observed to exhibit variable performance over time on 
language tasks such as confrontation naming (Howard, Patterson, Franklin, 
Morton, & Orchard-Lisle, 1985; Freed, Marshall, & Chuhtlantseff, 1996), syntactic 
processing (Caplan, Waters, DeDe, Michaud, & Reddy, 2007), and several 
elements of discourse (Cameron, Wambaugh, & Mauszycki , 2010). 
Observations like these are cited by Hula and McNeil as evidence in support of 
their theory that attention underlies language in aphasia. The possibility that 
observed fluctuations in PWAs’ language performance could be driven by 
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fluctuations in attention makes it critical to gain a clearer understanding of the 
ways in which attention fluctuates over time in PWA. Below we offer a final 
version of our schema (see Figure 2.3) which incorporates intra-individual 
variability in performance into the relationship between attention and language in 
aphasia. Specifically, it illustrates that task demands – including both attention 
demands and language demands – can impact the degree of fluctuations in 
performance, and that these fluctuations in turn may ultimately impact the results 
of language assessments, and even the outcomes of language treatment. Based 
on this schema, we propose that the next step in investigating attention in 
aphasia is to move beyond the traditional approach of relying solely on average 
accuracy and/or reaction time and to begin examining IIV in performance. 
Gaining a better understanding of time-based fluctuations in performance has the 
potential to reveal more about attention in aphasia and the nature of its 
connection to language in this population.  
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Figure 2.3. Final version of schema of attention and language in aphasia, 
factoring in intra-individual variability. 
 
 
2.6. Implications of Attention for Aphasia Treatment 
Understanding attention in aphasia and how it impacts language therapy 
in this population is of paramount importance to the field of aphasia research, 
where the identification of factors that can accurately predict treatment outcomes 
for individual patients is a major goal. It has been widely observed that PWA do 
not respond uniformly to therapy: even two individuals with similar deficits at 
baseline may improve at vastly dissimilar rates and/or display different patterns 
of improvement (e.g. Lazar & Antoniello, 2008; Lazar, Speizer, Festa, Krakauer, 
& Marshall, 2008). There is recent evidence, however, that cognitive skills may 
27 
play a critical role in language recovery. To date, at least one study has shown 
that a collection of cognitive skills including attention may be able to reliably 
predict language treatment outcomes in PWA (Lambon Ralph, Snell, Fillingham, 
Conroy, & Sage, 2010). Additionally, several recent neuroimaging-based theories 
of aphasia and aphasia recovery have highlighted the role of cognitive abilities in 
language rehabilitation. The theory of neural multifunctionality proposes that 
while cognitive and linguistic operations are supported by distinct brain regions, 
observed language performance is a product of dynamic interaction and 
integration of these networks with each other during language processing, and, 
furthermore, that cognitive abilities may be critical to the language rehabilitation 
process (Cahana-Amitay & Albert, 2014; 2015). Similarly, Geranmayeh and 
colleagues have argued that the brain regions subserving domain-general 
systems, including attention, are often recruited to provide support for damaged 
language regions during treatment. According to this theory, upregulation of 
domain-general cognitive systems may modulate language networks, promoting 
language recovery, whereas damage to these same systems may negatively 
impact language recovery (Geranmayeh, Brownsett, & Wise, 2014). While these 
theories do not focus specifically on attention but more broadly on cognitive 
abilities in PWA, they help provide a rationale for future work on the role of 
specific cognitive abilities, such as attention, on the language rehabilitation 
process.  
Thus far, attention as a possible predictor of treatment outcomes in 
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aphasia is only beginning to be discussed. This is, however, an important avenue 
of research to pursue, as a typical language treatment session requires a great 
deal of consistent attention from the individual being treated. During therapy, 
PWA are often asked to listen (and try to comprehend), speak, repeat, read 
and/or write for thirty minutes, an hour, even two hours at a time, continuously. 
Attention, as a basic skill, is implicitly required for all of these activities, and being 
able to sustain one’s attention consistently throughout entire therapy sessions on 
a regular basis, without substantial fluctuations, is therefore a likely prerequisite 
for the success of the therapy. It is difficult to imagine how an individual could 
show improvement as a function of even the ideal therapy protocol if s/he was 
struggling to sustain basic attention to treatment stimuli from moment to moment 
throughout an entire session, or across sessions from day to day. Attention, 
including fluctuations in attention over time, may therefore have critical 
implications for the treatment of language deficits in aphasia. There is already 
evidence that good attention in stroke patients is predictive of overall functional 
recovery (Mysiw, Beegan, & Gatens, 1989), as well as motor recovery 
(Robertson, Ridgeway, Greenfield, & Parr, 1997). Additionally, there is evidence 
that successful language rehabilitation may involve changes in attention-related 
neural networks, in particular the DMN (Marcotte, Perlbarg, Marrelec, Benali, & 
Ansaldo, 2013). Such findings warrant further investigation into the role of 
attention – including fluctuations in attention over time – in language recovery. 
Gaining a better understanding of the role of attention in language therapy may 
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contribute a critical piece to the puzzle of how to reliably predict aphasia 
treatment outcomes. 
2.7. Conclusion  
Attention, though it is a domain-general cognitive skill, may be of critical 
importance in understanding language assessment and language treatment 
outcomes. Attention is fundamental to a variety of more complex tasks and 
operations, and is thought to underlie language processing. Additionally, 
attention may have the potential to help us better understand why some PWA 
achieve greater or more rapid success than others. It is hoped that the schema 
presented in this review is useful in encapsulating what is currently known about 
attention in aphasia and the extent to which it underlies language deficits, as well 
as in highlighting an important area for continuing research on attention in 
aphasia – that of intra-individual variability in performance over time. 
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3. Rationale for the Two Experiments Detailed in Chapters 4 and 5 
 As detailed in Chapter 2, attention is an important cognitive resource to 
investigate in aphasia for several reasons. To begin with, attention is important to 
examine in any neurologically impaired population because it thought to be a 
fundamental, “gateway” skill that is drawn on during other more complex 
cognitive operations: if an individual is unable to attend to a stimulus, their ability 
to encode and manipulate that stimulus in higher-level ways will necessarily be 
compromised.  
As discussed in the previous chapter, however, there are two additional 
reasons why attention is particularly important to examine in aphasia. To begin 
with, attention is conceptualized in most models as a domain-general resource, 
one that provides support to both linguistic and non-linguistic tasks (Broadbent, 
1958; Kahneman, 1973; Pashler, 1984; Navon & Miller, 2002). This has 
important implications for aphasia because if aphasia were indeed a language-
specific impairment, as it has traditionally been described, we might not expect to 
see deficits in domain-general attention in this population. The evidence, 
however, reveals otherwise: PWA have been shown in a variety of studies to 
exhibit attention deficits even on non-linguistic tasks (e.g. Robin & Rizzo, 1989; 
Erickson, Goldinger & LaPointe, 1996). This fact alone calls for further 
investigation into attention in aphasia and its relationship with language in 
aphasia. Furthermore, it has been previously suggested that attention deficits 
could be the cause of language deficits in aphasia, either in whole or in part 
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(Hula & McNeil, 2008). This theory underscores the importance of gaining a 
better understanding of attention in aphasia: if attention deficits underlie 
language deficits, then learning more about attention deficits may help us 
understand more about language deficits in this population. 
Most importantly, though, it is important to investigate attention in aphasia 
by looking specifically at intra-individual variability in attention over time. IIV, 
though rarely examined in attention in aphasia, is a dimension of performance 
that is critical to investigate in this population. Most types of attention, by 
definition, occur over time, and therefore the conclusions we can draw about 
attention without looking at time-based fluctuations in performance are limited. 
The fact that IIV in cognitive task performance has been shown to be increased 
in a variety of neurological populations (e.g. Stuss, Pogue, Buckle, & Bondar, 
1994; Bleiberg, Garmoe, Halpern, Reeves, & Nadler, 1997; Hultsch, MacDonald, 
Hunter, Levy-Bencheton, & Strauss, 2000; Murtha, Cismaru, Waechter, & 
Chertkow, 2002;Tamm, Narad, Antonini, O’Brien, Hawk & Epstein, 2012) 
underscores the importance of examining IIV in aphasia.  
Of particular importance to aphasia is the fact that PWA have previously 
been shown to exhibit IIV on a variety of types of language tasks (Freed, 
Marshall, & Chuhtlantseff, 1996; Caplan, Waters, DeDe, Michaud, & Reddy, 
2007; Cameron, Wambaugh, & Mauszycki, 2010). This is an important point 
because if PWA also exhibit IIV on attention tasks, this would provide added 
support for the theory that attention underlies language in aphasia. Additionally, if 
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PWA do indeed exhibit elevated levels of IIV in attention, this could have a 
negative impact on real-world situations like language therapy sessions, which in 
turn could have implications for language therapy outcomes. If an individual 
cannot attend consistently from moment to moment throughout a session, or 
from session to session across weeks and months, this may negatively impact 
their long-term progress. 
With this in mind, the overall research questions explored in the two 
experiments described in Chapters 4 and 5 are, How does IIV differ between 
PWA and healthy controls? What is the effect of task demands on IIV? How do 
indices of IIV correlate with scores on standardized measures of language and 
attention? How do PWA differ from each other in terms of their levels of IIV? The 
schema presented in Chapter 2 depicts a nuanced view of how attention relates 
to language in aphasia, specifically, that attention modulates language, that brain 
damage negatively impacts both attention and language, and that attention 
deficits and language deficits both negatively impact on IIV in performance. The 
experiment described in Chapter 4 examines between-session intra-individual 
variability in non-linguistic (or domain-general) attention in aphasia. The 
experiment described in Chapter 5 takes a broader view, examining both 
between-session and within-session intra-individual variability, in both linguistic 
and non-linguistic attention in aphasia.  
Both experiments are particularly focused on the impact of increased task 
demands on IIV. We expect to find evidence confirming that individuals with brain 
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damage exhibit higher levels of IIV than healthy individuals, on both linguistic and 
non-linguistic attention tasks. We also expect to find that task demands – 
including whether or not those demands include language processing – play a 
role in determining IIV, specifically that increased task demands, the addition of 
multimodal integration demands, and the addition of language demands, elicit 
higher levels of IIV. We expect to find IIV in attention to be associated with 
scores on standardized cognitive-linguistic measures, indicating that this 
dimension of attention may be key in understanding performance on a variety of 
types of measures. Finally, we expect to see substantial inter-individual 
differences in both BS-IIV and WS-IIV within the PWA group. The results of these 
experiments will be discussed within their individual chapters, followed by an 
overarching discussion of all of the results in Chapter 6. 
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4. Between-Session Intra-Individual Variability in Sustained, Selective, and 
Integrational Non-Linguistic Attention in Aphasia 
 
**Note: Chapter 4 is a published paper**: Villard, S., & Kiran, S. (2015). 
Between-session intra-individual variability in sustained, selective,  
and integrational non-linguistic attention in aphasia.  
Neuropsychologia, 66, 204–212. 
 
4.1. Introduction 
4.1.1.  Background 
Although aphasia is typically considered to be a disorder in language 
processing, the cognitive abilities of patients with aphasia (PWA) have come 
under increasing investigation over the course of the past several decades. 
Cognition in aphasia is an inherently important line of research, given the 
existence of a number of theoretical and developmental cognitive-
psycholinguistic models positing a strong interconnectedness and functional 
overlap between language and cognition in healthy individuals (e.g. Vygotsky, 
1962; Luria & Yudovich, 1971). Gaining a better understanding of cognition in 
PWA will enable researchers and clinicians to develop, modify, and implement 
rehabilitative language treatments that take cognitive abilities into account, 
thereby maximizing individual patients’ long-term potential for improvement.  
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Among the areas of cognition that have been examined in PWA, attention 
is a skill worth particular consideration. To begin with, attention – arguably the 
most basic of the cognitive processes – has been found to be impaired in PWA 
relative to healthy controls (Robin & Rizzo, 1989; Tseng, McNeil, & Milenkovic, 
1993; Erickson, Goldinger, & LaPointe, 1996; Murray, Holland, & Beeson, 1997; 
Murray, 2000; Hunting-Pompon, Kendall, & Moore, 2011; Murray, 2012). 
Additionally, it has been compellingly argued that language knowledge is largely 
preserved in aphasia and that the observed language deficit is a result of 
impaired attentional processes (Hula & McNeil, 2008), a theory which 
underscores the importance of investigating this particular cognitive skill in PWA. 
Finally, and on a somewhat different note, attention may play an important role in 
language rehabilitation. Not only has attention been shown to be predictive of 
long-term functional recovery after stroke (Mysiw, Beegan, & Gatens, 1989; 
Robertson, Ridgeway, Greenfield, & Parr, 1997), evidence from the aphasia 
literature has also suggested that cognitive abilities such as attention may 
successfully predict language therapy outcomes (Lambon Ralph, Snell, 
Fillingham, Conroy, & Sage, 2010). Our primary motivation for the current study 
is that an underlying impairment in attention may negatively impact a wide variety 
of skills and situations (see Figure 4.1). 
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Figure 4.1. Theoretical schematic illustrating support provided by domain-general 
attention to other cognitive/linguistic processes 
 
Most models frame attention as a domain-general resource that may be 
drawn on for a variety of tasks, both linguistic and non-linguistic (e.g. Posner & 
Petersen, 1990; Mirsky, Anthony, Duncan, Ahearn, & Kellam, 1991; Petersen & 
Posner, 2012; Cohen, 2014). The most direct way of measuring attention in 
language-impaired individuals, therefore, is to bypass the language system 
through the use of non-linguistic tasks. Studies using non-linguistic tasks to 
investigate attention in aphasia have consistently found evidence of attentional 
deficits in PWA. Robin & Rizzo (1989) used simple arrows, dots, and auditory 
pulses and found a significantly impaired ability to orient attention in PWA relative 
to controls. In a later study, Erickson, Goldinger, and LaPointe (1996) 
investigated the effect of a dual-task condition on primary task performance in 
PWA, using non-linguistic sound identification as the primary task and the 
Wisconsin Card Sort Task (also non-linguistic) as the secondary task. Results 
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showed that not only did PWA perform more poorly during the dual-task condition 
than the single-task condition, they also performed consistently poorer than 
control subjects. Additionally, Laures, Odell, and Coe (2003) examined arousal 
and vigilance in PWA and controls and found evidence of impaired performance 
by the PWA group in both linguistic and non-linguistic contexts, suggesting that 
attention is similarly impaired in linguistic and non-linguistic tasks in this 
population. Results like these point to the existence of a basic, domain-general 
attentional impairment in PWA, one that could have negative implications for 
many other skills.  
With this in mind, the goal of the current study is to gain a fuller 
understanding of the nature of this impairment by systematically investigating 
several different types of non-linguistic attention. Though a number of attentional 
models have been proposed, we will refer here to Sohlberg and Mateer’s (2001) 
clinical model, which is based on the highly predictable stages of recovery from 
brain injury and is widely referenced in the aphasia literature. One of its central 
features is a hierarchical complexity in which less complex types of attention are 
prerequisites for more complex types. The most basic type of attention in this 
model is focused attention (responding discretely to specific stimuli), followed by 
the more complex sustained attention (sustaining consistent responses to stimuli 
during continuous activity). Next is selective attention (maintaining a cognitive set 
in the face of distracting stimuli), followed by alternating attention (shifting 
between tasks or features), and finally, the most complex type, divided attention 
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(simultaneously responding to multiple attentional demands). The experimental 
task used in the current study is rooted in this model, particularly in its framing of 
sustained and selective attention.  
An additional and central dimension of the current project is its focus on 
intra-individual variability (IIV); that is, the degree of fluctuation in a single 
individual’s performance over time. Increased IIV on cognitive tasks relative to 
healthy controls has been identified in a wide variety of clinical populations, 
including traumatic brain injury (Stuss, Pogue, Buckle, & Bondar, 1994; Bleiberg, 
Garmoe, Halpern, Reeves, & Nadler, 1997) and dementia (e.g. Hultsch, 
MacDonald, Hunter, Levy-Bencheton, & Strauss, 2000; Murtha, Cismaru, 
Waechter, & Chertkow, 2002), as well as both Alzheimer’s Disease and 
Parkinson’s Disease (Burton, Strauss, Hultsch, Moll, & Hunter, 2006). However, 
little is known about IIV in cognitive task performance in aphasia, despite the fact 
that substantial IIV in performance on language tasks has been reported in this 
population (Ryalls, 1986; Glosser, Weiner, & Kaplan, 1988; Freed, Marshall, & 
Chuhlantseff, 1996). The current study examines, for the first time, IIV in non-
linguistic attention processing in aphasia. More specifically, we examine day-to-
day fluctuations in task performance, or between-session intra-individual 
variability (BS-IIV). We suggest that BS-IIV could play a critical role in therapy 
outcomes, as language therapy is typically delivered over the course of many 
sessions spanning several weeks or months and presumably requires consistent 
attention during each session.  
39 
4.1.2. Aims and Hypotheses 
To summarize, the overarching framework of the current study is that the 
successful execution of domain-general sustained attention is a prerequisite for 
domain-general selective attention, that the successful execution of both of these 
is required for more complex attentional processes, and that fluctuations in 
attention across sessions may substantially influence any or all of these 
processes. The goal of the current study was to use non-linguistic tasks as a 
means to systematically examine the nature of domain-general attention 
processing in aphasia, with a particular focus on intra-individual variability. We 
propose that understanding domain-general attention in PWA is of critical 
importance, as this basic skill may underlie a variety of other tasks and 
situations. The aims of the current study were as follows: 
1. To examine the effect of task complexity on reaction time (RT) in non-
linguistic attention in PWA, as well as in a small group of age-matched 
healthy control participants. We hypothesized that both PWA and age-
matched controls would show relatively longer RTs as task complexity 
was increased.  
2. To examine the effect of task complexity on BS-IIV in RT during a non-
linguistic attention task. We expected that PWA would, in general, show a 
greater degree of BS-IIV than controls. We also expected that PWA would 
show a higher degree of BS-IIV as task complexity was increased.  
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3. To look at patient-to-patient, or inter-individual, variability in BS-IIV in non-
linguistic attention. We expected to find evidence of substantial inter-
individual variability in BS-IIV within the PWA group. 
4.2. Methods 
4.2.1. Participants 
Eighteen patients with stroke aphasia (PWA, 12 male, mean age = 60.3, 
SD = 8.25) and five age-matched neurologically unimpaired control participants 
(controls, 2 male, mean age = 63.4, SD = 7.50) participated in the study (see 
Table 4.1). Participants were recruited through advertising and word of mouth. 
PWA completed several standardized assessments measuring 
language/cognitive abilities: the Western Aphasia Battery (WAB, Kertesz, 1982), 
the Cognitive-Linguistic Quick Test (CLQT, Helm-Estabrooks, 2001), and the 
Boston Naming Test (BNT, Kaplan, Goodglass, & Weintraub, 1983). The mean 
Aphasia Quotient (AQ) for PWA was 77.3 out of 100, with a range of 21.2 – 98.9. 
The mean CLQT composite score was 80% with a range of 10% – 100%, and 
the mean Attention sub-score on the CLQT was 75%, with a range of 18% – 
97%. The mean BNT percent correct was 37.5% with a range of 1 – 100%. No 
participants who had been diagnosed with either dementia or Parkinson’s 
Disease were enrolled. This study was approved by the Institutional Review 
Board at Boston University. 
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Table 4.1 Demographic and Standardized Testing Information for PWA (P1–P18) and Controls (NC1–NC5) 
Participant Age Sex MPO Lesion Information WAB AQ Aphasia Type BNT CLQT composite 
P1 47 M 48 L MCA++ 96.3 Anomic 55 19 
P2 55 F 9 L MCA++ 93.9 Anomic 60 20 
P3 66 M 29 L MCA 93.7 Anomic 44 19 
P4 74 M 13 L MCA/ACA 50.5 Transcortical Motor 10 14 
P5 69 M 23 L MCA 96.6 Anomic 60 19 
P6 56 M 147 R MCA 94.2 Anomic 48 20 
P7 61 M 52 L MCA 91.2 Anomic 57 19 
P8 53 M 120 L MCA/ACA 50 Broca's 13 14 
P9 68 M 21 L MCA++ 95 Anomic 46 17 
P10 74 M 14 L MCA/ACA 89.5 Transcortical Motor 54 16 
P11 54 M 34 L PCA plus R cerebellar  91 Anomic 28 16 
P12 64 F 89 L MCA++ 86.5 Transcortical Motor 36 16 
P13 59 F 73 L MCA 98.9 Anomic 59 20 
P14 67 F 66 L MCA++ 43.9 Broca's 6 13 
P15 63 F 99 L MCA++ 53.4 Conduction 9 16 
P16 50 M 186 L MCA 57.3 Broca's 39 11 
P17 56 M 13 L MCA 87.2 Anomic 50 17 
P18 50 F 31 L MCA++ 21.2 Global 1 2 
NC1 54 F -- -- -- -- -- -- 
NC2 62 F -- -- -- -- -- -- 
NC3 71 M -- -- -- -- -- -- 
NC4 71 M -- -- -- -- -- -- 
NC5 59 F -- -- -- -- -- -- 
Note: MPO = months post onset. L = left; R = right; MCA = Middle Cerebral Artery; ACA = Anterior Cerebral Artery; PCA = Posterior 
Cerebral Artery. ++with subcortical involvement (e.g. basal ganglia and/or thalamus). WAB AQ = Western Aphasia Battery Aphasia 
Quotient (highest possible score = 100). BNT = Boston Naming Test (highest possible score = 60). CLQT composite = Cognitive-Linguistic 
Quick Test composite score (highest possible score = 20).  
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4.2.2. Stimuli 
The computerized experimental task included visual and auditory stimuli. 
Visual stimuli consisted of a large black dot which appeared on either the left or 
right side of the screen; auditory stimuli consisted of a double tone played 
through headphones in either the left or right ear. Each stimulus or set of two 
simultaneous stimuli was presented for 600 ms. 
4.2.3. Experimental Task 
The experimental task was created and administered using E-Prime 2.0 
software (Psychology Software Tools, Pittsburgh, PA; www.pstnet.com). The 
task comprised five separate conditions, each of which was designed to differ 
minimally from the others in terms of its complexity and/or the modality of the 
target stimuli. Conditions 1, 2, 3, 4, and 5 were designed to measure, 
respectively, sustained visual attention (this condition is referred to hereafter as 
SUSTAINED-V), sustained auditory attention (SUSTAINED-A), selective visual 
attention (SELECTIVE-V), selective auditory attention (SELECTIVE-A), and 
auditory-visual integrational attention (INTEGRATIONAL-A/V). While auditory-
visual integrational attention – defined here as attention to congruency between 
visual and auditory information – is not an attentional type per se, we consider it 
to reflect a type of processing that is often required during language therapy 
sessions, where patients are asked to attend simultaneously to auditory and 
visual stimuli that contain similar messages (e.g. to look at a picture of an object 
while listening to the clinician say the object’s name aloud).  
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In order to minimize response demands, participants were instructed 
during each condition to press “E” if the target stimulus was on the left, “R” if the 
target stimulus was on the right, and the spacebar if the target stimulus was 
absent. Participants were asked to rest the middle and index finger of their left 
hand on the “E” and “R” keys, respectively, on a QWERTY keyboard, and rest 
their thumb on the spacebar. One participant, P6, had left-sided hemiplegia, so 
used his right hand instead. For all conditions, participants were instructed to 
press “E”, “R”, or the spacebar to respond to each stimulus following a fixation. 
During Condition 1 (SUSTAINED-V), only visual stimuli were present. The 
participant was instructed to press “E” if they saw a dot on the left side of the 
screen, “R” if they saw a dot on the right side of the screen, and to press the 
spacebar if they saw no dot. During Condition 2 (SUSTAINED-A), only auditory 
stimuli were present. The participant was instructed to press “E” if they heard a 
tone on the left, “R” if they heard a tone on the right, and to press the spacebar if 
they heard no tone. During Condition 3 (SELECTIVE-V), visual and auditory 
stimuli were presented simultaneously. The participant was instructed to attend 
only to the visual stimuli, pressing “E” if they saw a dot on the left, “R” if they saw 
a dot on the right, and the spacebar if they saw no dot. During Condition 4 
(SELECTIVE-A), visual and auditory stimuli were presented simultaneously. The 
participant was instructed to attend only to the auditory stimuli, pressing “E” if 
they heard a tone on the left, “R” if they heard a tone on the right, and the 
spacebar if they heard no tone. Finally, during Condition 5 (INTEGRATIONAL-
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A/V), visual and auditory stimuli were again presented simultaneously. The 
participant was instructed to attend to both sets of stimuli, pressing “E” if they 
saw a dot and heard a tone that were both on the left, “R” if they saw a dot and 
heard a tone that were both on the right, and the spacebar if they saw a dot and 
heard a tone that were on different sides from each other.  
Each condition contained three un-scored items, followed by 48 
randomized scored items, each of which began with a fixation. The duration of 
the fixation was randomly jittered between 1400, 1600, 1800, and 2000 ms so 
that the participant would not be able to predict exactly when the next item would 
occur. The fixation was followed by the 600ms stimulus or set of two 
simultaneous stimuli (or, when the target was absent during SUSTAINED-V and 
SUSTAINED-A, a blank screen). After the disappearance of the stimuli, the 
participant was then presented with a blank screen for 3000ms, allowing a total 
of up to 3600ms to make a response. See Figure 4.2 for a visual depiction of 
items during each condition. 
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Figure 4.2. Experimental task conditions. Dots indicate a black dot on the right 
or left side of the screen. Musical notes indicate a tone played in either  
the right or left ear. 
 
Across all five conditions, of the 48 scored items, 16 had “E” (left) target 
responses, 16 had “R” (right) target responses, and 16 had target spacebar 
responses. For SELECTIVE-V as well as for SELECTIVE-A, half of the items 
containing the target stimulus also contained a distractor stimulus on the same 
side as the target (congruent), while the other half of the items containing the 
target stimulus also contained a distractor stimulus on the opposite side as the 
target (incongruent). For INTEGRATIONAL-A/V, half of the items in which the 
target stimulus (i.e., congruent auditory and visual stimuli) was absent contained 
a dot on the left and a tone on the right, while the other half contained a dot on 
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the right and a tone on the left. Both accuracy and reaction time (RT) data were 
collected by E-Prime.  
4.2.4. Procedures 
Testing was conducted in a quiet room at Boston University, or 
occasionally in the participant’s home if they were not able to travel to the testing 
site. Prior to the administration of each condition, participants were given 
instructions about target stimuli and corresponding button press responses, 
followed by a series of practice items in order to ensure comprehension and set 
acquisition. Auditory stimuli were presented at a comfortable level for each 
participant. Each participant completed the experimental task (including each of 
the five conditions) on four different non-consecutive days: Session 1, Session 2, 
Session 3, and Session 4 (5 Conditions x 4 Sessions = 20 administrations for 
each participant; see Figure 4.3). The order of administration of SUSTAINED-V 
and SUSTAINED-A was counter-balanced across participants, as was the order 
of administration of SELECTIVE-V and SELECTIVE-A. INTEGRATIONAL-A/V 
was consistently the final condition administered, as the structure of that 
condition builds upon the structures of the other four. Experimental conditions 
were identical for PWA and controls.  
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Figure 4.3. Administration of experimental task conditions and  
calculation of COV (coefficient of variation) 
 
4.3. Data Analysis 
Total accuracy was calculated for each participant’s performance during 
each session. Next, reaction time z-scores (zRT) were calculated for each 
participant (collapsed across conditions and sessions), using only correct “E” and 
“R” responses that occurred within a predetermined acceptable time period (350 
ms – 2500 ms; 99.4% of all correct raw RTs for “E”/”R” responses fell within this 
range). Finally, in order to examine BS-IIV, five COVs (coefficient of variation) 
were calculated for each participant, one for each of the five conditions. Each 
COV was calculated using the following formula: 𝐶𝑂𝑉 =  ! !"##$%&! !"#$ !"# !" ! !"##$%&! !"#$ !"# !"  , 
where i = Session 1-4 and “mean raw RT” refers to mean raw RT for correct 
“E”/“R” responses that occurred between 350 ms and 2500 ms. 
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4.4. Results 
4.4.1. Accuracy 
Accuracy was generally found to be high across participants and 
conditions (see Table 4.2). The binomial distribution model was used to more 
closely analyze accuracy for each participant. In order to demonstrate above-
chance performance on a given condition during a given session, a participant 
would need to achieve at least a 50% accuracy level (48 items, a 33% chance of 
guessing correctly on any single item, α = .01).  All control participants achieved 
accuracy levels of 50% or higher on each administration of each condition, as did 
the majority of PWA. Several PWA achieved lower than 50% accuracy in one or 
two instances; we chose to include these participants’ data in subsequent 
analyses because despite isolated instances of chance-level accuracy, they had 
consistently demonstrated satisfactory understanding of the practice items. 
Table 4.2. Mean accuracy levels for each participant group on each task 
condition 
 SUSTAINED-V 
SUSTAINED-
A 
SELECTIVE-
V 
SELECTIVE-
A 
INTEGRATIONAL-
A/V 
PWA 96% 95% 94% 85% 88% 
Controls 99% 99% 100% 99% 99% 
Note: Exceptions to the above-chance 50% accuracy cutoff are as follows: P4 achieved 27% 
accuracy during SUSTAINED-A, Session 2, P16 achieved 46% accuracy during 
INTEGRATIONAL-A/V, Session 1 as well as 31% accuracy during SELECTIVE-A, Session 3, 
and P18 achieved 43% accuracy during SELECTIVE-A, Session 1, as well as 39% accuracy 
during SELECTIVE-V, Session 4.  
 
4.4.2. Effects of Session and Condition on mean zRT  
The next analysis looked at the impact of both session and condition on 
task performance in PWA. In order to avoid the ceiling effects associated with 
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high accuracy levels, zRTs were used. P4 could not be included in this analysis 
due to a missing data point. An alpha level of .05 was used for this and all 
subsequent statistical tests. An R-ANOVA examining the effect of Session (1-4) 
as a repeated measure and Condition (1-5) on mean zRT was performed. A 
significant effect of Condition was found (F (4, 80) = 76.10, p < .001; see Figure 
4.4a). There was no significant effect of Session (F (3, 240) = 1.70, p = .17) and 
no Session by Condition interaction effect (F (12, 240) = 1.42, p = .16). Tukey 
post-hoc analyses revealed an effect of complexity, such that each selective 
attention condition elicited significantly higher mean zRTs than its corresponding 
sustained attention condition (i.e., PWA were slower on SELECTIVE-V than 
SUSTAINED-V, p < .001; and slower on SELECTIVE-A than SUSTAINED-A, p < 
.001). Post-hoc analyses also revealed a modality effect, such that each auditory 
attention condition elicited significantly higher mean zRTs than its corresponding 
visual attention condition (i.e., PWA were slower on SUSTAINED-A than 
SUSTAINED-V, p < .001; and slower on SELECTIVE-A than SELECTIVE-V, p < 
.001). Additionally, INTEGRATIONAL A/V elicited higher mean zRTs (p < .05) 
than each of the other four conditions.  
Next, a corresponding R-ANOVA examining the effect of Session (1-4) as 
a repeated measure and Condition (1-5) on mean zRT was conducted for the 
control group. Once again, a significant effect of Condition was observed (F (4, 
20) = 34.97, p < .001; see Figure 4.4b). Tukey post-hoc analyses revealed an 
effect of complexity (controls were slower on SELECTIVE-V than SUSTAINED-V, 
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p = .01; and slower on SELECTIVE-A than SUSTAINED-A, p < .001), as well as 
a partial modality effect (controls were slower on SELECTIVE-A than on 
SELECTIVE-V, p < .001). INTEGRATIONAL-A/V elicited higher mean zRTs (p < 
.001) than each of the other conditions, with the exception of SELECTIVE-A. 
There was no significant main effect of Session (F (3, 60) = .96; p = .42), nor was 
there a significant interaction effect (F (12, 60) = .76; p = .69). 
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Figures 4.4a and 4.4b. Mean zRTs by condition for PWA (4.4a) and controls 
(4.4b). R-ANOVA post-hoc results and significance levels are described in the 
text. Error bars indicate standard deviations. Task Condition 1: SUSTAINED-V; 
Task Condition 2: SUSTAINED-A; Task Condition 3: SELECTIVE-V; Task 
Condition 4: SELECTIVE-A; Task Condition 5: INTEGRATIONAL-A/V. 
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All subsequent analyses (4.3–4.6) examine BS-IIV, as represented by 
COV. Recall that COV is an index of session-to-session variability in mean raw 
RT and is calculated separately for each condition. Table 4.3 provides COVs for 
each participant in each condition. Crawford & Garthwaite’s Bayesian approach 
(Crawford & Garthwaite, 2007) was used to identify PWA COVs which were 
significantly higher than the control COVs within the same condition. Those 
COVs are denoted in the table with an asterisk and are considered to be “high”; 
all other COVs are considered to be “low”.  
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Table 4.3 Coefficients of Variation (COVs) for PWA (P1–P18) and Controls (NC1–NC5) on each experimental task condition.  
Participant SUSTAINED-V  SUSTAINED-A  SELECTIVE-V  SELECTIVE-A  INTEGRATIONAL-A/V  
P1 0.059 0.079 0.096 0.153* 0.172* 
P2 0.058 0.233 0.202* 0.170* 0.079* 
P3 0.035 0.066 0.090 0.020 0.035 
P4 0.042 0.076 0.102 0.104 0.103 
P5 0.062 0.122* 0.089 0.155* 0.099 
P6 0.063 0.060 0.050 0.056 0.110 
P7 0.091 0.047 0.126 0.070 0.217* 
P8 0.068 0.245* 0.052 0.207* 0.309* 
P9 0.061 0.027 0.188 0.181* 0.117 
P10 0.063 0.121* 0.088 0.142 0.143* 
P11 0.023 0.022 0.051 0.150 0.078 
P12 0.061 0.076 0.081 0.115 0.118 
P13 0.014 0.100 0.055 0.075 0.066 
P14 0.098 0.094 0.131 0.148 0.074 
P15 0.047 0.054 0.188 0.032 0.097 
P16 0.063 0.091 0.010 0.207* 0.235* 
P17 0.203 0.144* 0.235* 0.072 0.111 
P18 0.104 0.147* 0.166 0.212* 0.184* 
NC1 0.140 0.045 0.053 0.104 0.073 
NC2 0.206 0.069 0.134 0.098 0.048 
NC3 0.032 0.085 0.080 0.103 0.074 
NC4 0.103 0.054 0.061 0.089 0.098 
NC5 0.037 0.058 0.025 0.056 0.046 
*“high” COVs, i.e. PWA COVs which were found to be significantly higher than control COVs within the same condition (Crawford & 
Garthwaite, 2007).
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4.4.3. Effect of Group and Condition on RT COV 
Next, while the primary goal of this project was not to compare PWA to 
controls, a 2 x 5 ANOVA examining the effect of Group (PWA/controls) and 
Condition (1-5) on COV was conducted, and a significant main effect of Group 
was found (F (1, 105) = 4.90, p = .03). The overall mean COV for PWA was .107, 
while the overall mean COV for controls was .079. There was no significant main 
effect of Condition (F (4, 105) = .56, p = .69), nor was there a significant Group 
by Condition interaction effect (F (4, 105) = 1.72, p = .15).  
4.4.4. Effect of Condition on RT COV 
Next, a 1 x 5 ANOVA examining the effect of Condition on COV for PWA 
was performed, revealing a significant main effect (F (4, 85) = 3.20, p = .02; see 
Figure 3.5a). Tukey post-hoc analyses showed that COVs were significantly 
higher for SELECTIVE-A than SUSTAINED-V (p = .03), as well as significantly 
higher for INTEGRATIONAL A/V than for SUSTAINED-V (p = .02). A similar 1 x 5 
ANOVA looking for the effect of condition on COV was also performed for 
controls; no significant result was found (F (4, 20) = .92, p = .47; see Figure 
4.5b).  
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Figure 4.5a and 4.5b. COVs by condition for PWA (4.5a) and controls (4.5b). *p < 
.05; significance based on ANOVA post-hoc results. Error bars indicate standard 
deviations. Task Condition 1: SUSTAINED-V; Task Condition 2: SUSTAINED-A; 
Task Condition 3: SELECTIVE-V; Task Condition 4: SELECTIVE-A;  
Task Condition 5: INTEGRATIONAL-A/V 
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4.4.5. Inter-Individual Differences in COV within the PWA Group 
In addition to examining across-PWA patterns in BS-IIV, we examined 
inter-individual variability in performance within the PWA group by examining the 
results of the Crawford and Garthwaite (2007) analyses. As is evident in Table 3, 
the conditions flagged by these analyses as “high” are not uniform from patient to 
patient. For example, a subset2 of PWA (P1, P2, P7, P8, P10, P16, P18) were 
found to exhibit high COVs on INTEGRATIONAL-A/V and, in many cases, on 
one or more of the other, less complex tasks as well. A second subset of PWA 
(P5, P9, P17), in contrast, were found to exhibit low COVs on INTEGRATIONAL-
A/V but high COVs on at least one of the less complex tasks. Finally, a third 
subset of PWA (P3, P4, P6, P11, P12, P13, P14, P15) were found not to exhibit 
high COVs on any condition. 
 
4.4.6. Associations Between COV and Performance on Standardized 
Measures 
Finally, we used a bivariate Pearson correlation matrix to determine 
whether any of the standardized tests we administered to PWA – WAB Aphasia 
Quotient (AQ), BNT, CLQT – were associated with COVs on either SUSTAINED-
V or INTEGRATIONAL-A/V, the simplest and most complex conditions, 
respectively. No significant associations were found either between 
SUSTAINED-V COVs and any of the other variables or between 
																																								 																				
2 Subsets described here are based on visual inspection of the Crawford & Garthwaite results 
(Table 4.3). 
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INTEGRATIONAL-A/V COVs and any of the other variables.  
4.5. Discussion   
4.5.1. Introduction  
The goal of this study was to investigate domain-general attention 
processing in patients with aphasia and healthy age-matched controls by 
systematically examining performance in several types of non-linguistic attention. 
The study used a novel computerized task to assess five types of non-linguistic 
attention and included a repeated sampling design so as to assess participants’ 
between-session intra-individual variability in performance, a construct that has 
not previously been investigated in aphasia in the context of a non-linguistic task. 
Our aims were to assess the impact of task complexity on both RT and between-
session intra-individual variability in RT, as well as on identifying patient-to-
patient differences in performance. The three main findings of the study, which 
will be discussed in greater detail below, are as follows. First, increased task 
complexity elicited slower RTs in both PWA and controls. Second, increased task 
complexity elicited increased between-session intra-individual variability in RT in 
PWA but not in controls. Third, it was noted that not all PWA exhibited similar 
patterns of between-session intra-individual variability, indicating the existence of 
substantial inter-individual variability within this group.  
The experimental task was designed to be relatively simple so that it 
would be accessible to all participants. While PWA accuracy was found to be 
lower than that of controls, accuracy was generally above chance even for PWA, 
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indicating that the task did not pose significant challenges for the majority of 
participants in terms of set acquisition or maintenance. Statistical analyses were 
based on RTs for correct responses within a predetermined acceptable 
timeframe only; these data can be assumed to reflect the speed with which 
participants were able to process and respond to the target stimuli. 
4.5.2. Effect of Task Complexity on Reaction Time 
We hypothesized that PWA would show relatively slower RTs 
(standardized into zRTs) on more complex than on simpler conditions. In 
comparing zRTs on the five conditions of the task, two patterns were observed 
for the PWA group, one involving task complexity and the other involving 
stimulus modality. The first pattern was that zRTs were slower on selective 
attention conditions than on corresponding sustained attention conditions. This 
result is in keeping with our hypothesis and is consistent with other studies 
showing that attention deficits in aphasia are more evident when distracting 
stimuli are present (e.g. Murray, Holland, & Beeson, 1997; Hunting-Pompon, 
Kendall, & Moore, 2011). Additionally, and also as expected, our most complex 
task condition, INTEGRATIONAL-A/V, elicited slower zRTs than any of the other 
conditions.  
The second pattern that emerged for PWA involved stimulus modality; 
specifically, zRTs were slower on auditory attention conditions than on 
corresponding visual attention conditions. It is possible that this was a result of 
the neurological impairment; other studies have found evidence of impaired 
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auditory attention in aphasia (Peach, Rubin, & Newhoff, 1994; Erickson, 
Goldinger, & LaPointe, 1996). However, since we observed some evidence of a 
similar modality effect in the control group, we do not consider our results to 
provide evidence that auditory attention is impaired in aphasia to a greater extent 
than visual attention. An alternative explanation for slower RTs in auditory 
conditions across participants may be the general bias towards visual dominance 
in humans, a phenomenon which has been identified by a substantial body of 
work on the differences between the processing of auditory and visual stimuli 
(e.g. Posner, Nissen, & Klein, 1976). Regardless of control performance, 
however, the two patterns observed for PWA suggest that the domain-general 
attentional system in aphasia is characterized by slowed RTs when task 
complexity is increased, as well as when auditory processing is required.  
4.5.3. Effect of Group on Between-Session Intra-Individual Variability in 
Reaction Time 
Our finding of a group-based difference in BS-IIV provides another 
important piece of information about the domain-general attention system in 
aphasia, namely, that it may be more susceptible to day-to-day fluctuations than 
the domain-general attention system in healthy individuals. We suggest that this 
susceptibility may in turn have implications for a wide variety of more complex 
tasks and situations, both linguistic and non-linguistic. While this is the first time 
that BS-IIV has been investigated in a non-linguistic context in aphasia, the 
finding that PWA exhibit more day-to-day variability than controls is not 
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surprising, given the work that has been done on BS-IIV in other neurologically 
impaired populations. In a study on traumatic brain injury patients, Stuss, Pogue, 
Buckle, & Bondar (1994) found that intra-individual differences in task 
performance across two different days were so substantial that a patient might 
easily be classified as normal on one day and impaired on another. Our finding 
that PWA exhibit more BS-IIV than controls suggests that stroke aphasia, like 
traumatic brain injury, may co-occur with difficulty maintaining consistent 
performance levels on cognitive tasks from day to day.  
4.5.4. Effect of Task Complexity on Between-Session Intra-Individual 
Variability in Reaction Time 
In looking more closely at patterns of BS-IIV within the PWA group, we 
found, as expected, that PWA exhibited a higher degree of BS-IIV when task 
complexity was increased. Specifically, as can be seen in Figure 4.5a, 
SELECTIVE-A and INTEGRATIONAL-A/V were found to elicit a significantly 
higher degree of BS-IIV than SUSTAINED-V (arguably the least complex 
condition). Controls were found not to exhibit any effect of complexity on COV. 
In looking at these results together with our findings in 4.3, we draw two 
conclusions about BS-IIV in domain-general attentional processing in PWA: that 
PWA, as a group, exhibit a higher degree of BS-IIV than controls, and that, unlike 
controls, PWA also exhibit increased BS-IIV when task complexity is increased. 
The second of these findings aligns well with earlier findings suggesting that 
PWA perform more poorly in dual-task vs. single task attentional paradigms 
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(Erickson, Goldinger, & LaPointe, 1996; Murray, Holland, & Beeson, 1997; 
Murray, 2000). Our results, however, add a new dimension to this discussion: 
while previous work had shown that one-time performance in PWA is negatively 
impacted by the addition of a second task (i.e. by an increase in overall task 
complexity), the results of the current study suggest that BS-IIV in performance in 
PWA is also negatively impacted by increases in task complexity. Both of these 
findings provide evidence that domain-general attention processing is different in 
PWA vs. in unimpaired individuals, even when language is not involved. Our 
results are consistent with our overall framework regarding domain-general 
attention, namely, that more complex types of attention build upon less complex 
types, and that any of these attentional processes may be impacted by day-to-
day variability. 
4.5.5. Inter-Individual Differences in Intra-Individual Variability in RT 
In addition to these across-PWA findings, the results of the Crawford & 
Garthwaite analyses suggest that there may also be a substantial amount of 
inter-individual variability in BS-IIV within the PWA group. This finding of inter-
individual variability in attention processing is consistent with previous work 
suggesting that that the degree and pattern of attentional impairment differs from 
individual to individual in PWA (e.g. Murray, 2012). What our results add to this 
discussion is that not only may one-time attentional ability differ from patient to 
patient, but day-to-day variability in attentional ability may differ from patient to 
patient as well.  
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Finally, the results of this study do not provide strong support for an 
association between day-to-day variability in domain-general attention and 
overall linguistic/cognitive ability. No significant correlations were found between 
COVs on the simplest or most complex experimental task conditions and scores 
on any standardized measures. This result suggests that an individual patient’s 
pattern of day-to-day variability in attention may not be predictable from scores 
on linguistic or cognitive assessments.  
4.5.6 Potential Implications 
There are several potential implications for our results regarding BS-IIV in 
PWA. The first has to do with our understanding of the nature of aphasia. 
Aphasia has often been considered to consist of an impairment in language 
processing; however, McNeil and his colleagues offer an alternative theory 
suggesting that the observed language impairment in aphasia is a function of 
damage not to linguistic processes themselves but rather to more basic 
attentional processes that support language (McNeil, Odell, & Tseng, 1991; Hula, 
McNeil, & Sung, 2007; Hula & McNeil, 2008). This theory is still under debate; 
however, if attention does indeed underlie language, then our finding that PWA 
show notable BS-IIV in domain-general attention could help explain why PWA 
have often been observed to show variability in language performance. Our 
results may therefore provide some support for McNeil et al’s theory; however, 
further research evaluating the possible connection between BS-IIV in attention 
and BS-IIV in language in PWA is still needed. 
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The second implication of our results involves establishing baseline 
scores, particularly in studies using a single-subject design. The demands of 
language and cognitive testing are typically complex, requiring not only auditory 
and visual attention, but also language processing and frequent task-switching. If 
complex task demands elicit substantial degrees of BS-IIV, this may impact a 
participant’s scores on a given day of testing. These results suggest the 
importance of obtaining multiple baselines in which the same assessments are 
re-administered on several different days, in order to capture session-to-session 
fluctuations in performance. 
Finally, our results may have implications for treatment outcomes in 
aphasia. It is well documented that different PWA – even those with similar 
deficits at baseline – often show substantial inter-individual variability in response 
to language treatment, making the course of a given patient’s recovery difficult to 
predict (e.g. Lazar & Antoniello, 2008; Lazar, Speizer, Festa, Krakauer, & 
Marshall, 2008). We suggest that basic attention is necessary for treatment 
success and, furthermore, that BS-IIV in attention could be able to help predict 
treatment outcomes. The expectation that an individual will improve over time as 
a function of treatment is based on the assumption that she is able to attend not 
just on a good day, but during each session, in order to continually build upon 
gains made in previous sessions. Session-to-session fluctuations in attention 
could, therefore, preclude rapid or steady improvement. 
In the context of treatment, BS-IIV on an auditory-visual integrational 
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attention task is of particular interest. As noted earlier, PWA are often asked 
during therapy to integrate together auditory (e.g. the clinician’s voice) and visual 
(e.g. pictures, word cards, etc.) stimuli. Our results show that INTEGRATIONAL-
A/V, which was theoretically our most complex condition and required 
participants to integrate auditory and visual stimuli, elicited the highest degree of 
BS-IIV in performance. We suggest that a complex, multi-modal environment 
such as a therapy session – which likely presents additional challenges and 
complexity beyond our INTEGRATIONAL-A/V condition (e.g. linguistic stimuli, 
shifting task demands, and additional distractions) – could tax the aphasic 
attentional system even further, potentially resulting in even higher BS-IIV in 
attention across therapy sessions. Our results therefore help lay the groundwork 
for future studies directly examining the associations between day-to-day 
fluctuations in attention and treatment success. 
4.5.7. Limitations of the Study 
 We felt it was important to always administer the auditory-visual 
integrational condition last because the structure of that condition built on the 
structures of the preceding conditions. However, this may also have caused 
participants to be more fatigued during this final condition. Additionally, despite 
the fact that we oriented participants to each successive condition and 
administered practice items, task-switching costs may have impacted our results.  
4.5.8. Conclusion 
This project provides information about non-linguistic attention in aphasia, 
	65 
as well as about between-session intra-individual variability in non-linguistic 
attention in this population. Our results suggest that the domain-general attention 
system in aphasia is taxed when task complexity is increased; additionally, we 
found evidence that increased task complexity elicited increased degrees of 
between-session intra-individual variability in performance. These findings may 
have implications not only for obtaining representative baseline assessment 
scores in patients with aphasia, but also for long-term language therapy 
outcomes. Future studies should directly investigate the role of attention, and of 
other cognitive-linguistic factors, to treatment outcomes in aphasia, so that 
clinicians may be able to reliably predict an individual’s response to treatment 
and adjust treatment accordingly to maximize that individual’s potential for 
success.  
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5. Looking More Closely at Attention in Aphasia: Between-Session and 
Within-Session Intra-Individual Variability 
5.1. Introduction  
5.1.1. Background 
Although aphasia is traditionally defined as a language impairment, 
persons with aphasia (PWA) have consistently been found to exhibit impaired 
performance on tasks measuring attention (Robin & Rizzo, 1989; Tseng, McNeil, 
& Milenkovic, 1993; Murray, Holland, & Beeson, 1997; Murray, 2000; Hunting-
Pompon, Kendall, & Moore, 2011; Murray, 2012; Heuer & Hallowell, 2015). 
Gaining a better understanding of attention deficits in PWA is critical because 
attention, as a fundamental cognitive resource, may be viewed as a gateway 
process for a variety of more complex operations. Basic attention to a stimulus is 
required if the information contained in that stimulus is to be encoded to memory, 
later retrieved, or used during planning or reasoning; an impairment in attention 
therefore has the potential to disrupt many other higher-level processes. 
Additionally, it has been suggested that the language deficit in aphasia may be 
partly or wholly a result of damage to attentional processes that support 
language processing, rather than a result of damage to linguistic knowledge itself 
(McNeil, Odell, & Tseng, 1991; Hula, McNeil, & Sung, 2007; Hula & McNeil, 
2008).  
Attention is a broad and multifaceted construct and, as such, may be 
examined more closely through several different lenses. One approach to looking 
more closely at attention is to discretely examine the different types of attention 
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that have been proposed by a number of researchers (e.g. Posner & Petersen, 
1990; Mirsky, Anthony, Duncan, Ahearn, & Kellam, 1991; Raz & Buhle, 2006; 
Petersen & Posner, 2012). A model of attentional types often referenced in the 
aphasia literature is Sohlberg and Mateer’s (2001) clinical model, which is based 
on the predictable stages of recovery from brain injury and is characterized by a 
hierarchical complexity in which less complex types of attention (e.g. focused 
attention and sustained attention) are prerequisites for more complex types (e.g. 
selective attention, alternating attention, and divided attention). Studies looking 
more closely at attention in PWA often focus specifically on one or more of the 
attention types identified by Sohlberg and Mateer.  
Another approach to looking more closely at the different facets of 
attention is to compare linguistic attention non-linguistic attention, an approach 
that is particularly relevant to gaining a better understanding of attention in PWA. 
Interestingly, although aphasia is diagnosed by the presence of impaired 
performance on linguistic tasks, PWA have been found to exhibit deficits in 
attention not only during linguistic attention tasks but also during non-linguistic 
attention tasks (Robin & Rizzo, 1989; Peach, Newhoff, & Rubin, 1992; Erickson, 
Goldinger, & LaPointe, 1996; Laures, 2005; Laures, Odell, & Coe, 2003; Hunting-
Pompon, Kendall, & Moore, 2011). Indeed, these findings are not surprising, 
given that neuropsychological models of attention in healthy populations frame 
attention as a domain-general resource that is drawn on during both linguistic 
and non-linguistic tasks (e.g. Kahneman, 1973; Pashler, 1984; Navon & Miller, 
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2002). A true impairment in attention would therefore be expected to impact 
performance on both linguistic and non-linguistic tasks. That being said, the 
relationship between this impairment in domain-general attention and the 
observed language impairment in PWA is not yet understood, as it is still unclear 
whether or not PWA performance is impacted to a similar extent on linguistic vs. 
non-linguistic tasks. Results from previous studies investigating the impact of 
adding linguistic elements to an attentional task in PWA have been mixed, with 
some evidence suggesting language processing demands may add additional 
demands and complexity not present in non-linguistic tasks (Murray, Holland, & 
Beeson, 1997; Hula, McNeil, & Sung, 2007) and other findings suggesting that 
linguistic and non-linguistic tasks tax the attentional deficit in PWA to a similar 
extent (Laures, Odell, & Coe). 
A third approach to looking more closely at attention is by examining intra-
individual variability over time (IIV). IIV is a well-established construct in the 
literature on task performance in healthy populations. Research has shown that a 
given individual’s performance on a given task – whether an attention task or 
another cognitive task – may be variable both across days and across moments, 
and that this variability may be a critical metric in understanding performance 
(e.g. Rabbitt et al; Esterman, Noonan, Rosenberg, & DeGutis, 2012). 
Additionally, high levels of IIV on cognitive tasks have been observed in a 
number of of clinical populations, including traumatic brain injury (Stuss, Pogue, 
Buckle, & Bondar, 1994; Bleiberg, Garmoe, Halpern, Reeves, & Nadler, 1997), 
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dementia (Hultsch, MacDonald, Hunter, Levy-Bencheton, & Strauss, 2000; 
Murtha, Cismaru, Waechter, & Chertkow, 2002), multiple sclerosis (Wojtowicz, 
Ishigami, Mazerolle, & Fisk, 2014),  Alzheimer’s Disease, and Parkinson’s 
Disease (Burton, Strauss, Hultsch, Moll, & Hunter, 2006), suggesting that 
increased IIV is associated with neurological dysfunction. IIV is complicated by 
the fact that two specific types of IIV have been identified: intra-individual 
variability across moments, which will be referred to here as within-session IIV 
(WS-IIV), and intra-individual variability across days, which will be referred to 
here as between-session IIV (BS-IIV). 
IIV is a critical dimension to investigate when considering attention in 
aphasia, given the fact that it has been shown to be elevated in other 
neurological populations. As of yet, IIV in aphasia has most frequently been 
commented upon in the context of language tasks, such as confrontation naming 
(Freed, Marshall, & Chuhtlanseff, 1996), syntactic processing (Caplan, Waters, 
DeDe, Michaud, & Reddy, 2007), and discourse (Cameron, Wambaugh, & 
Mauszycki, 2010). There currently exists relatively little research to date on IIV in 
attention in aphasia. However, in what was the first large-scale examination of IIV 
in attention in aphasia, we looked at between-session IIV (BS-IIV) in non-
linguistic attention in aphasia found a group effect, such that PWA exhibited 
increased IIV relative to controls, as well as an effect of task demands, such that 
increased demands elicited increased BS-IIV in reaction time in PWA but not in 
controls (Villard & Kiran, 2015). WS-IIV in attention in aphasia has also only been 
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investigated in one previous study. King (1995) compared standard deviations in 
response time on an attention task between PWA and controls, and found higher 
standard deviations in the PWA group; however, standard deviation is generally 
not considered to be a valid index of IIV (Dykiert, Der, Starr, & Deary, 2012). 
More research on WS-IIV in attention in PWA is needed, particularly as this 
construct has been put forth as an important piece of evidence that attention may 
underlie language in aphasia (Hula & McNeil, 2008). The possibility that IIV in 
language performance in PWA could be caused by IIV in attention makes it 
critical to gain a clearer understanding of the nature of the ways in which 
attention fluctuates over time in PWA.  
The current study is different from our previous examination of BS-IIV in 
several different ways. To begin with, it utilizes different tasks: instead of focusing 
exclusively on non-linguistic attention, it also looks at linguistic attention; 
additionally, it includes an increased emphasis on multimodal integration. 
Second, it looks not only at BS-IIV but also at WS-IIV, in order to determine if 
PWA exhibit pathologically increased levels of moment-to-moment variability as 
well as day-to-day variability. In short, rather than functioning as a replication of 
the first study, the current study was designed to examine and compare a wider 
variety of possible factors that may influence IIV, as well as to examine two 
different outcome measures, BS-IIV and WS-IIV. Our goal in this study was to 
conduct a thorough examination of attention in aphasia, in particular of 
fluctuations in attention over time. We particularly wanted to look at how task 
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demands – the specific types of attention required for a task, as well as whether 
the stimuli are linguistic or non-linguistic in nature – would impact both BS-IIV 
and WS-IIV in attention in aphasia.  
Gaining a better understanding of attention in aphasia, including the ways 
in which it may fluctuate over time, may have the potential to help us better 
account for patient-to-patient differences in treatment outcomes. While there is 
evidence that higher cognitive abilities may facilitate better treatment outcomes in 
PWA (e.g. Lambon Ralph, Snell, Fillingham, Conroy, & Sage, 2010), as well as 
that good attention is predictive of overall functional recovery after stroke (Mysiw, 
Beegan, & Gatens, 1989; Robertson, Ridgeway, Greenfield, & Parr, 1997), little 
is yet known about the contributions of specific cognitive skills, such as attention, 
to treatment outcomes. As attention is a fundamental “gateway” skill to other, 
more complex operations and perhaps even to language, gaining a deeper 
understanding of attention in aphasia – as well as how it may fluctuate as a 
function of task performance – may lead to a better understanding of what 
facilitates positive treatment outcomes in PWA.  
5.1.2. Aims and Hypotheses  
The overall aim of the current study was to examine the impact of task 
demands on both BS-IIV and WS-IIV in attention in aphasia. More specifically, 
we wanted to answer the following questions regarding BS-IIV in attention in 
aphasia: 
	72 
1. Do PWA exhibit increased levels of BS-IIV in attention relative to healthy 
individuals? Hypothesis: Based on our previous results (Villard & Kiran, 2015) 
and on findings of increased BS-IIV in other neurologically impaired 
populations, we expected PWA to exhibit a higher degree of BS-IIV than 
healthy individuals.  
2. How do task demands, including the addition of auditory-visual integration 
and language processing demands, impact BS-IIV in attention, for each 
group? Hypothesis: We expected that increased task demands, particularly 
the addition of language processing demands, would result in increased BS-
IIV in PWA, but not in healthy controls. 
3. What is the relationship between BS-IIV in attention and performance on 
standardized measures of language and cognition in PWA? Hypothesis: 
Based on our previous findings (Villard & Kiran, 2015), we did not expect to 
see any relationship between BS-IIV and scores on standardized tests. 
4. Do all PWA show similar patterns of BS-IIV across the five tasks, or is there 
notable inter-individual variability? 
 
We also wanted to answer those same questions regarding WS-IIV in attention in 
aphasia: 
1. Do PWA exhibit increased levels of WS-IIV in attention relative to healthy 
individuals? Hypothesis: Based on findings of increased WS-IIV in other 
neurologically impaired populations, we expected PWA to exhibit a higher 
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degree of WS-IIV than healthy individuals.  
2. How do task demands, including the addition of auditory-visual integration 
and language processing demands, impact WS-IIV in attention, for each 
group? Hypothesis: We expected that increased task demands, particularly 
the addition of language processing demands, would result in increased WS-
IIV in PWA, but not in healthy controls. 
3. What is the relationship between WS-IIV in attention and performance on 
standardized measures of language and cognition in PWA? Hypothesis: 
Although there is little research on this topic to date, we believe that WS-IIV is 
inherently implicit in the construct of attention; therefore, we expected to see 
a relationship between WS-IIV and scores on standardized tests of attention 
(though not necessarily on tests of language or of other cognitive skills). 
4. Do all PWA show similar patterns of WS-IIV across the five tasks, or is there 
notable inter-individual variability? 
5.2. Methods 
5.2.1. Participants 
Twenty participants with aphasia (PWA) as a result of stroke (14 M, mean 
age: 58, sd: 10) and 20 age-matched control participants (12 M, mean age: 58, 
sd: 10) were recruited in the Boston area through the use of flyers, listservs, and 
word of mouth. All participants were free of degenerative neurological disease 
and demonstrated adequate vision and hearing to complete the experimental 
task. Ten PWA were classified as having Anomic aphasia according to the 
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Western Aphasia Battery (WAB-R, Kertesz, 2006), nine were classified as having 
Broca’s aphasia, and one was classified as having Wernicke’s aphasia. 
Additional information about all participants can be found in Table 5.1. 
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Table 5.1. Demographic information for all participants and standardized test scores for PWA  
      
  Age Sex MPO lesion type WAB AQ 
Aphasia 
Type BNT 
CLQT - 
Attention 
CLQT - 
Executive 
Function 
CLQT - 
Composite 
TEA - Map 
Search - 1 
min 
TEA - Map 
Search - 2 
min 
C1 60 F -- -- -- -- -- -- -- -- -- -- 
C2 48 M -- -- -- -- -- -- -- -- -- -- 
C3 45 M -- -- -- -- -- -- -- -- -- -- 
C4 68 F -- -- -- -- -- -- -- -- -- -- 
C5 68 F -- -- -- -- -- -- -- -- -- -- 
C6 74 M -- -- -- -- -- -- -- -- -- -- 
C7 61 M -- -- -- -- -- -- -- -- -- -- 
C8 67 M -- -- -- -- -- -- -- -- -- -- 
C9 55 M -- -- -- -- -- -- -- -- -- -- 
C10 58 M -- -- -- -- -- -- -- -- -- -- 
C11 57 M -- -- -- -- -- -- -- -- -- -- 
C12 51 F -- -- -- -- -- -- -- -- -- -- 
C13 51 M -- -- -- -- -- -- -- -- -- -- 
C14 59 F -- -- -- -- -- -- -- -- -- -- 
C15 60 M -- -- -- -- -- -- -- -- -- -- 
C16 62 F -- -- -- -- -- -- -- -- -- -- 
C17 58 F -- -- -- -- -- -- -- -- -- -- 
C18 52 M -- -- -- -- -- -- -- -- -- -- 
C19 45 M -- -- -- -- -- -- -- -- -- -- 
C20 65 F -- -- -- -- -- -- -- -- -- -- 
P1 79 M 16 L MCA 26.9 Broca's 0.05 0.86 0.58 0.70 17 10 
P2 48 M 23 L MCA++ 91.4 Anomic 0.92 0.75 0.53 0.85 21 45 
P3 42 M 19 L MCA 92.7 Anomic 0.72 0.91 0.78 0.95 26 60 
P4 58 M 168 R MCA 81.4 Anomic 0.73 0.87 0.58 0.85 30 53 
P5 72 M 37 L MCA++ 22.9 Broca's 0.05 0.83 0.45 0.65 7 13 
P6 57 M 30 L MCA 84.7 Anomic 0.83 0.93 0.70 1.00 31 58 
P7 65 F 43 L MCA 71.9 Anomic 0.45 0.91 0.65 0.85 32 60 
P8 50 M 60 L MCA++ 86.8 Anomic 0.87 0.93 0.80 0.90 22 41 
P9 55 F 43 L MCA 58.5 Broca's 0.67 0.75 0.45 0.65 21 38 
P10 72 F 40 L MCA 95.2 Anomic 0.75 0.86 0.68 0.95 20 37 
P11 53 F 12 L MCA 80.4 Anomic 0.62 0.41 0.60 0.80 10 22 
P12 68 M 104 L MCA 40.0 Broca's 0.02 0.80 0.55 0.60 10 22 
P13 49 M 70 L MCA++ 94.0 Anomic 0.95 0.96 0.83 1.00 18 39 
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P14 69 F 88 L MCA++ 28.6 Broca's 0.07 0.71 0.48 0.50 12 19 
P15 55 M 142 L MCA/ACA 52.7 Broca's 0.42 0.90 0.63 0.70 4 6 
P16 50 M 122 L MCA 64.1 Broca's 0.78 0.91 0.70 0.80 30 57 
P17 73 M 74 L MCA 37.6 Wernicke's 0.00 0.32 0.48 0.55 8 13 
P18 52 M 204 L MCA 52.6 Broca's 0.58 0.79 0.38 0.45 6 24 
P19 49 M 67 L MCA 32.3 Broca's 0.05 0.89 0.70 0.70 23 47 
P20 57 F 31 L MCA++ 97.2 Anomic 1.00 0.97 0.78 1.00 32 27 
PWA mean scores:  64.6 0.53 0.81  0.61 0.77 19 35 
Note: MPO = months post onset. L = left; R = right; MCA = Middle Cerebral Artery; ACA = Anterior Cerebral Artery; PCA = Posterior 
Cerebral Artery. ++with subcortical involvement (e.g. basal ganglia and/or thalamus). WAB AQ = Western Aphasia Battery Aphasia 
Quotient. BNT = Boston Naming Test. CLQT composite = Cognitive-Linguistic Quick Test composite. TEA = Test of Everyday Attention. 
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5.2.2. Experimental Design  
A. Standardized Testing (PWA participants only). A battery of 
standardized tests, consisting of the Western Aphasia Battery-Revised (WAB-R, 
Kertesz, 2006), the Boston Naming Test (BNT, Kaplan, Goodglass, & Weintraub, 
2001), the Test of Everyday Attention (TEA, Ward, Ridgeway, & Nimmo-Smith, 
1994), and Part I and Part II of the Attention Process Training Test (APT-Test. 
Sohlberg & Mateer, 2001), was administered to each PWA participant. 
B. Experimental Tasks (PWA participants and control participants). Each 
participant made four visits to Boston University, on four different non-
consecutive days (Session 1, Session 2, Session 3, and Session 4). Each 
participant scheduled all four visits for the same time of day. During each visit, 
the identical set of five experimental tasks was administered. The order of 
administration of the five tasks was counterbalanced across sessions, as well as 
across participants. Instructions were re-administered and practice items were 
completed prior to each task administration to ensure set acquisition and mitigate 
any possible effects of task-switching. 
5.2.3. Experimental Tasks 
Five computerized experimental tasks were constructed using E-Prime 
software (Psychology Software Tools). Task demands increased incrementally 
from one task to the next (see Figure 5.1). The first task (VIS) was a visual 
sustained attention task, followed by a visual selective attention task (VIS+DIST) 
that added a set of distractor stimuli. The third task was a non-linguistic 
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multimodal integration task (MULT-NL), the fourth task added a basic lexical 
decision component (MULT-LEX), and the fifth task added linguistic-semantic 
processing demands (MULT-LANG). Lexical decision – judging whether an item 
is a real word or not – is thought to be less demanding than processing the 
meaning of a word. 
 
Figure 5.1. Task demands 
Each task involved three possible response buttons, which were described 
to the participant as “left-match”, “right-match”, and “mismatch”. For each item, 
the participant was presented with two stimuli and asked to press the button 
indicating the correct choice (details of target responses appear in the task-
specific descriptions below). Each item of each task consisted of three screens 
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displayed to the participant. The first screen was a randomly jittered fixation, 
displayed for 200, 400, 600, 800, or 1000 ms. The second screen, containing the 
visual stimulus/stimuli, was displayed for 600 ms; in the case of the three tasks 
involving multimodal integration (MULT-NL, MULT-LEX, MULT-LANG), the 
auditory stimulus was also presented during the appearance of this second 
screen. Auditory stimuli were presented bilaterally through headphones, at the 
participant’s most comfortable level. Finally, a blank white screen was displayed 
for 2400 ms, giving the participant a maximum response time of 3000 ms (600 
ms + 2400 ms) for each item. Altogether, each task included 3 non-scored items 
at the beginning, followed by 48 scored items (16 right-match, 16 left-match, and 
16 mismatch). The order of presentation of the 48 scored items within each task 
was randomized. Each participant used her/his non-dominant hand to complete 
the task, with the exception of P3, P5, and P18, who were all left-handed with 
right hemiparesis and so used their left (dominant) hand. Each of the five 
experimental tasks spanned just over 3 minutes. The following paragraphs 
contain specific information about each task (See also Figures 5.2a-e). 
Task 1 (VIS): In this non-linguistic task, the participant was asked to 
attend to two visually presented happy faces. Participants were told to press the 
“left-match” button if both happy faces were on the left side of the screen, the 
“right-match” button if both happy faces were on the right side of the screen, and 
the “mismatch” button if the happy faces were on different sides of the screen 
from each other. 
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Task 2 (VIS-DIST): This non-linguistic task was identical to the VIS task, 
with the addition of a red star as a visual distractor. As in the VIS task, 
participants were told to pay attention to the two happy faces and to press the 
“left-match” button if both happy faces were on the left side of the screen, the 
“right-match” button if both happy faces were on the right side of the screen, and 
the “mismatch” button if the happy faces were on different sides from each other. 
Task 3 (MULT-NL): In this third non-linguistic task, visual-auditory 
integrational demands were added. Participants were presented with one happy 
face and one of two auditorily presented sounds (presented bilaterally), a “happy 
sound” or a “sad sound”. Participants were told to pay attention to both the face 
and the sound, and to press the “left-match” button if they saw a happy face on 
the left and heard the happy sound, to press the “right-match” button if they saw 
a happy face on the right and heard the happy sound, and to press the 
“mismatch” button if they saw a happy face but heard the sad sound. Participants 
were trained on the sounds ahead of time to ensure adequate response 
mapping. 
Task 4 (MULT-LEX): This task added lexical decision demands, requiring 
the participant to make basic judgments about whether a speech stimulus was a 
word or not, without requiring her/him to process the meanings of the words 
presented. Participants were presented with one of eight line drawings of animals 
(specifically, a dog, a cat, a horse, a pig, a fish, a bird, a mouse, or a frog, from 
Snodgrass & Vanderwart, 1980), as well as an auditorily spoken word. The 
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spoken word was either the one-syllable name of the animal pictured, or a non-
word, drawn from Rastle, Harrington, & Coltheart, 2002, all produced in a neutral 
tone by the same female speaker of North American English. Participants were 
told to pay attention to both the picture and the word, and to press the “left-
match” button if they saw an animal picture on the left and and heard the 
animal’s name, to press the “right-match” button if they saw an animal picture on 
the right and heard the animal’s name, and to press the “mismatch” button if they 
saw an animal and heard a non-word. Participants were assured that whenever a 
real animal name was presented during this task, it would be accompanied by 
the correct animal picture. Participants were trained on the animal pictures and 
names ahead of time to ensure familiarity and response mapping. 
Task 5 (MULT-LANG): This task was similar to MULT-LEX but added 
language processing demands. Participants were again presented with one of 
eight line drawings of animals. However, this task contained no non-words, 
rather, during each item the name of one of the eight animals was presented 
auditorily. Participants were told to pay attention to both the picture and the word, 
and to press the “left-match” button if they saw an animal picture on the left and 
heard the correct animal name, to press the “right-match” button if they saw an 
animal picture on the right and heard the correct animal name, and to press the 
“mismatch” button if they saw an animal and heard the wrong animal name. 
Again, participants were trained on the animal pictures and names ahead of time 
to ensure familiarity and response mapping. 
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Figure 5.2a: Stimuli for Task 1 (VIS) 
 
Figure 5.2b: Stimuli for Task 2 (VIS-DIST) 
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Figure 5.2c: Stimuli for Task 3 (MULT-NL) 
 
Figure 5.2d: Stimuli for Task 4 (MULT-LEX) 
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Figure 5.2e: Stimuli for Task 5 (MULT-LANG) 
 
5.3. Data Analysis  
5.3.1. Items Analyzed 
Because the focus of this study was on intra-individual variability over 
time, we confined our analyses to left-match and right-match responses only, in 
order to minimize any inherent differences in item-to-item demands between 
right/left match items and mismatch items. Mismatch items were an important 
component of our tasks, as they forced participants to check for congruency 
(rather than to simply assume congruency); however, since somewhat different 
processes may have been recruited during these items than during right-match 
and left-match items, we chose to drop the mismatch responses during our 
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analyses. Responses that occurred less than 300 ms after the onset of the 
stimulus were also dropped. Data from the remaining responses were used in all 
subsequent analyses, including accuracy calculations, as well as a series of 
repeated measures ANOVAs.  
5.4. Results 
5.4.1. Accuracy 
 Accuracy was found to be near ceiling, both across participants and 
across tasks (see Table 5.2). Overall accuracy across subjects for right-match 
and left-match responses was 97.7%. Overall control accuracy was 98.7% while 
PWA accuracy was 96.8%. These high accuracy levels showed that participants 
were able to easily complete each item, and that the challenge of the tasks, 
therefore, was not to respond correctly, but to continue attending to the task over 
the course of a three-minute period. We therefore focused on reaction times 
(RTs) for correct responses for the remainder of the analyses. 
 
Table 5.2. Mean accuracy levels for each  group on each task condition 
  Task 1 (VIS) 
Task 2 
(VIS-DIST) 
Task 3 
(MULT-
NL) 
Task 4 
(MULT-
LEX) 
Task 5 
(MULT-
LANG) 
PWA 97% 97% 98% 98% 95% 
Controls 98% 99% 99% 99% 99% 
 
5.4.2. zRTs by Task 
Next, while the focus of the study was not on RTs per se but on intra-
individual variability in RTs over time, we began by examining task-to-task 
differences in RTs. The purpose of this analysis was to determine whether the 
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tasks did indeed present increasing demands from Task 1 to Task 5. To this end, 
we transformed each participant’s raw RTs into zRTs to remove the effect of 
inherent person-to-person differences in RTs. We then performed a five-way R-
ANOVA looking at the effect of Task on these zRT. Results revealed a significant 
effect of Task on mean zRTs for controls, F (4, 76) = 194.59, p < .001 (see 
Figure 5.3a); Tukey post-hoc analyses revealed significant differences between 
all Tasks (p < .01), such that RTs increased from Task 1 to Task 5. A 
corresponding R-ANOVA looking at the effect of Task on mean zRTs for PWA 
also revealed a significant effect, F (4, 76) = 189.27, p < .001 (see Figure 5.3b). 
In this case, Tukey post-hocs showed significant differences between all Tasks 
(p < .05), except between Task 2 and Task 3 (p = .06), suggesting again that 
RTs increased consistently from Task 1 to Task 5. Together, these results 
suggest that for both groups, Task 1 (VIS) involved the lowest task demands, 
with incrementally increasing task demands up to Task 5 (MULT-LANG), the task 
with the highest demands.  
 
Figures 5.3a and 5.3b: zRTs across the five experimental tasks 
	87 
5.4.3. Checking for Adaptation Effects across Sessions 
An important first step in examining between-session variability in reaction 
time before for each task was to examine raw RTs from Session 1 to Session 4 
to determine if there was any evidence of an adaptation effect, that is, if RTs 
were decreasing across Sessions due to participants’ increased familiarity with 
the experimental tasks. Because the construct of BS-IIV is meant to measure 
random-seeming, up-and-down variability from session to session, not adaptation 
over time to a given task, this was an important issue to investigate. Despite the 
fact that accuracy levels were high, and requirement that participants always 
complete practice items before beginning a task, it was still possible that 
participants’ reaction times were decreasing across sessions as they became 
more familiar with the tasks. We checked to see whether RTs were similar across 
sessions by running a 4 (Session) x 5 (Task) R-ANOVA, with Session as a 
repeated measures factor and Task as an additional within-subjects factor, 
looking at the effect of both of these on raw RTs. A significant main effect of Task 
was found (F (4, 195) = 30.981, p < .0001); this effect was not surprising, as 
tasks with higher demands typically elicit slower RTs. However, a significant 
main effect of Session was also found (F (3, 585) = 18.58, p < .0001). This effect 
indicated that RTs across participants were decreasing from Session 1 through 
Session 4, suggesting an adaptation effect at the group level. There was no Task 
x Session interaction effect. 
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5.4.4. Calculating an Index of Between Session Intra-Individual Variability 
Because there was determined to be an adaptation effect, this effect 
needed to be corrected for in order to look at true between-session intra-
individual variability. In our previous work (Villard & Kiran, 2015), a coefficient of 
variation (COV) was calculated as an index of BS-IIV for each participant on 
each Task, using the following formula:  
𝐵𝑆 −  𝐶𝑂𝑉 =  𝑠 Session!  𝑟𝑎𝑤 𝑅𝑇 𝑥 Session!  𝑟𝑎𝑤 𝑅𝑇  
However, the observed adaptation effect across participants within this new data 
set suggested that simply using BS-COV again would capture not only a 
participant’s up-and-down fluctuations in RT but also possible decreases in RT 
from session to session, and was therefore not a valid index of BS-IIV. We 
therefore adjusted each participant’s raw RTs in order to remove any possible 
adaptation effects. Specifically, we ran a regression for each participant, in which 
x = Session (1-4) and y = individual raw RTs. The regression calculated an 
expected value for each Session and produced a standardized residual value for 
each raw RT based on these expected values. We used these standardized 
residuals to calculate a BS-COV.adj for each participant on each Task, using the 
following formula:  
BS-COV.adj = s (Sessioni mean standardized residuals) 
where i = Sessions 1-4 and “mean standardized residuals” refers to the 
standardized residuals described above. In total, five BS-COV.adj were 
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calculated for each participant, one for each of the five experimental tasks (see 
Table 5.3, Figure 5.4a-b). 
5.4.5. Calculating an Index of Within-Session Intra-Individual Variability 
Because an across-Session adaptation effect had been noted at the group 
level in terms of RT, it was also important to determine whether there was any 
effect of Session on within-session variability. To do this, we first calculated a 
coefficient of variation representing WS-IIV (or a WS-COV) for each participant, 
each Task, and each Session, using the following formula:  𝑊𝑆 − 𝐼𝐼𝑉 𝐶𝑂𝑉 =  ! !"#$! !"# !" ! !"#$! !"# !"    
where i = Items 1-48 from Session 4, and “raw RT” refers to raw RTs for correct 
responses only. For example, for P1, a WS-COV was calculated for Task 1, 
Session 1; Task 1, Session 2; Task 1, Session 3; Task 1; Session 4; Task 2, 
Session 1, and so on. This resulted in 20 WS-COVs for each participant. We 
checked to see whether WS-COVs were similar across sessions by running a 2 
(Group) x 4 (Session) R-ANOVA, with Session as a repeated measures factor 
and Group as an additional within-subjects factor, looking at the effects of each 
of these factors on WS-COV. Again, a significant main effect of Task was found 
(F (4, 195) = 6.06, p < .001), which was not unexpected. However, a significant 
main effect of Session was also found (F (3, 585), = 4.0, p < .01). (There was no 
significant interaction effect.) We therefore chose to focus only on the WS-COVs 
from Session 4 for each Task (see Table 5.3, Figure 5.5a-b), in order to best 
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capture the moment-to-moment fluctuations in attention that may occur even 
when a participant is very familiar with a task.  
5.4.6. Checking for Adaptation Effects Within a Session 
Before examining the effect of Task or Group on WS-COV, it was 
important to check for within-session adaptation effects as well, that is, whether 
within-session variability could be due to increasing or decreasing RTs over the 
course of the three-minute task rather than to up-and-down fluctuations in 
attention. Because it was not feasible to run an ANOVA looking at the effect of 
trial number on RT (due to the fact that for each administration there were up to 
32 correct trials), we instead compared RTs from the first half of each task 
administration to RTs from the second half of each task administration, across 
participants, using a paired t-test for each task. While several of these t-tests 
revealed significant differences between RTs in the first half vs. the second half 
of each Session, there was no overarching trend across tasks as there was for 
the BS-COVs. We therefore concluded that WS-COVs could be considered an 
adequate measure of moment-to-moment variability, without the possible 
confound of adaptation effects. 
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Table 5.3. BS-COVs.adj and WS-COVs for all participants.  
      BS-COVs.adj WS-COVs 
  Task 1 Task 2 Task 3 Task 4 Task 5 Task 1 Task 2 Task 3 Task 4 Task 5 
C1 0.091 0.08 0.193 0.242 0.187 0.131 0.125 0.271 0.197 0.147 
C2 0.155 0.237 0.409 0.131 0.063 0.159 0.203 0.143 0.159 0.191 
C3 0.187 0.24 0.265 0.466 0.26 0.182 0.123 0.205 0.125 0.112 
C4 0.185 0.142 0.203 0.284 0.274 0.138 0.128 0.176 0.129 0.167 
C5 0.208 0.124 0.183 0.278 0.133 0.205 0.135 0.167 0.235 0.179 
C6 0.224 0.186 0.304 0.439 0.17 0.178 0.265 0.355 0.365 0.321 
C7 0.121 0.022 0.196 0.058 0.122 0.181 0.115 0.193 0.116 0.127 
C8 0.16 0.057 0.065 0.202 0.401 0.109 0.111 0.125 0.202 0.105 
C9 0.148 0.078 0.159 0.293 0.396 0.114 0.103 0.150 0.181 0.165 
C10 0.056 0.196 0.14 0.037 0.273 0.128 0.110 0.098 0.085 0.165 
C11 0.073 0.156 0.226 0.303 0.056 0.095 0.097 0.206 0.134 0.099 
C12 0.103 0.115 0.141 0.36 0.338 0.160 0.142 0.175 0.187 0.183 
C13 0.221 0.283 0.433 0.201 0.574 0.157 0.229 0.113 0.082 0.116 
C14 0.17 0.153 0.133 0.256 0.27 0.092 0.141 0.279 0.273 0.218 
C15 0.064 0.18 0.301 0.309 0.365 0.142 0.147 0.221 0.172 0.126 
C16 0.16 0.304 0.272 0.447 0.113 0.106 0.162 0.216 0.155 0.108 
C17 0.079 0.241 0.529 0.303 0.289 0.137 0.318 0.280 0.264 0.205 
C18 0.157 0.105 0.235 0.11 0.287 0.239 0.107 0.382 0.377 0.243 
C19 0.258 0.153 0.14 0.519 0.544 0.130 0.149 0.154 0.124 0.277 
C20 0.143 0.062 0.051 0.355 0.302 0.175 0.118 0.133 0.114 0.129 
P1 0.159 0.108 0.033 0.238 0.391 0.241* 0.174 0.190 0.181 0.258 
P2 0.156 0.225 0.267 0.204 0.505 0.308* 0.236 0.413 0.303 0.278 
P3 0.173 0.172 0.221 0.513 0.548 0.151 0.170 0.210 0.178 0.288 
P4 0.276* 0.116 0.237 0.349 0.383 0.232* 0.127 0.196 0.139 0.183 
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P5 0.153 0.058 0.079 0.305 0.432 0.378* 0.261 0.295 0.240 0.368* 
P6 0.464* 0.535 0.26 0.621* 0.809* 0.119 0.211 0.236 0.132 0.218 
P7 0.058 0.223 0.2 0.086 0.109 0.121 0.145 0.204 0.161 0.149 
P8 0.124 0.141 0.344 0.335 0.337 0.168 0.179 0.189 0.152 0.214 
P9 0.142 0.209 0.188 0.075 0.449 0.167 0.238 0.175 0.168 0.215 
P10 0.266 0.182 0.228 0.278 0.363 0.199 0.136 0.264 0.238 0.239 
P11 0.14 0.106 0.13 0.131 0.211 0.210 0.156 0.180 0.337 0.305* 
P12 0.142 0.338* 0.193 0.384 0.374 0.195 0.302* 0.220 0.192 0.183 
P13 0.091 0.17 0.192 0.263 0.295 0.179 0.183 0.203 0.309 0.255 
P14 0.125 0.181 0.101 0.279 0.17 0.190 0.158 0.153 0.199 0.288 
P15 0.076 0.05 0.058 0.133 0.094 0.171 0.177 0.289 0.161 0.211 
P16 0.123 0.092 0.306 0.167 0.296 0.225 0.150 0.140 0.118 0.094 
P17 0.114 0.095 0.087 0.373 0.152 0.154 0.164 0.219 0.191 0.310* 
P18 0.088 0.162 0.089 0.207 0.325 0.155 0.114 0.125 0.190 0.154 
P19 0.17 0.215 0.384 0.218 0.288 0.183 0.120 0.227 0.180 0.233 
P20 0.164 0.261 0.334 0.283 0.113 0.083 0.124 0.224 0.201 0.154 
*“high” COVs, i.e. PWA COVs which were found to be significantly higher than control COVs within the same condition 
(Crawford & Garthwaite, 2007).
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5.4.7. Between-Session Intra-Individual Variability 
5.4.7.1. Effect of Group and Task 
 First, an R-ANOVA looking at the effect of Task (1-5) on BS-
COV.adj (our adjusted measure of BS-IIV), with Group (PWA vs. controls) as an 
additional between-subjects factor, was performed. This analysis revealed no 
significant main effect of Group, F (1, 38) = 0.23, p = .64, suggesting that PWA 
and controls exhibit similar degrees of between-session intra-individual variability 
in attention overall. To further examine whether there were any group differences 
in BS-COV.adj within specific Tasks, an independent-samples t-test looking at 
BS-COV.adj for PWA vs. controls was conducted for each of the five Tasks. No 
significant difference was found for any Task. However, a significant main effect 
of Task was revealed (F (4, 152) = 17.2, p < .001). Tukey post-hoc analyses 
revealed significant differences between Task 4 (MULT-LEX) and the three 
simplest Tasks (Tasks 1-3), as well as between Task 5 (MULT-LANG) and the 
three simplest Tasks, suggesting that that the two tasks with the highest 
demands elicited the highest BS-COVs.  
No Group by Task interaction effect was observed (F (4, 152) = 1.29, p = 
.278). However, closer visual inspection of BS-COV.adj for PWA vs. controls 
suggested an increase in BS-COV.adj for PWA from Task 4 (MULT-LEX) to Task 
5 (MULT-LANG) but not for controls, suggesting that when true language 
processing was added to the task, PWA exhibited increased day-to-day 
variability in response time, whereas controls showed no such pattern (see 
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Figures 5.4a and 5.4b).  
 
Figures 5.4a and 5.4b. Examining differences between Task 4 and Task 5 in 
PWA and in controls. PWA appear to exhibit an increase in BS-COV.adj  
with the addition of language demands. 
 
5.4.7.2. Relationships with Other Measures 
 Because Task 5 (MULT-LANG) was thought to be the task that 
approximated the type of attention required during language therapy, 
associations between BS-COV.adj on this task and standardized measures of 
language and cognition within the PWA group were examined using Pearson 
correlations. No significant correlations were noted between BS-COV.adj on 
Task 5 and any of the following factors: WAB, BNT, CLQT-Composite, CLQT-
Attention, TEA-Map Search (1-minute), and TEA-Map Search (2-minutes), nor 
was there any significant correlation between BS-COV.adj on Task 5 and either 
age or months post onset (MPO).  
5.4.7.3. Inter-individual Differences within the PWA Group 
 In addition to looking at BS-COV.adj at the group level, we also used two 
sets of analyses to identify inter-individual differences between participants within 
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the PWA group. First, we used a k-means cluster analysis to identify three 
groups of PWA with different patterns of BS-COV.adj on Tasks 1-5. Cluster 1 
(which included P5, P6, P7, P8, P9, P10, P12, P15, and P19) exhibited a pattern 
of BS-COV.adj that roughly increased slightly from Task 1 through Task 5. 
Cluster 2 (which included only P14) also exhibited a rough upward trend from 
Task 1 to Task 5, with the exception of a very low BS-COV.adj for Task 3. 
Cluster 3 (which included P1, P2, P3, P4, P11, P13, P16, P17, P18, and P20) 
exhibited a rising trend from Task 1 through Task 5. We examined the clusters to 
determine whether they appeared to reflect participants’ scores on any of the 
standardized measures, but no patterns were noted. 
 We also used Crawford and Garthwaite’s Single Bayes test (2007) to 
identify PWA whose BS-COV.adj on a given task was significantly elevated 
relative to the control group. Only a total of five BS-COV.adj were identified to be 
significantly higher than those of the control group (P4, Task 1; P6, Tasks 1, 4, 
and 5; P12, Task 2). 
5.4.8. Within-Session Intra-Individual Variability 
5.4.8.1. Effect of Group and Task 
 Similar to the R-ANOVA described above, an R-ANOVA looking at the 
effect of Task (1-5) on WS-COV, with Group (PWA vs. controls) as an additional 
between-subjects factor, was performed. This analysis revealed a significant 
main effect of Group (F (1, 38) = 4.81, p < .05), such that PWA exhibited higher 
WS-COVs than controls. It also revealed a significant main effect of Task (F (4, 
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152) = 6.42, p < .001). Tukey post-hoc analyses revealed significant differences 
between Task 5 (MULT-LANG) and both Task 1 and Task 2 (p < .05), as well as 
between Task 3 (MULT-NL) and both Task 1 and Task 2 (p < .01), suggesting 
that these tasks elicited higher WS-COVs than the two simplest tasks. 
Again, no Group by Task interaction effect was observed. However, closer 
visual inspection of WS-COV for PWA vs. controls again suggested an increase 
in WS-COV for PWA from Task 4 (MULT-LEX) to Task 5 (MULT-LANG) but not 
for controls, suggesting that when true language processing was added to the 
task, PWA – but not controls – exhibited increased moment-to-moment variability 
in attention (see Figures 5.5a and 5.5b).  
Finally, as with BS-COV.adj, to more closely examine group differences in 
WS-COV within specific Tasks, we conducted an independent-samples t-test 
looking at WS-COV for PWA vs. controls for each of the five Tasks. Significant 
differences, such that PWA exhibited higher levels of WS-COV than controls, 
were found for Task 1 (t = 2.57, p < .05) and Task 5 (p = 3.01, t < .01), 
suggesting that these tasks could pose particular challenges for PWA in terms of 
maintaining consistent attention. 
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Figures 5.5a and 5.5b. Examining differences between Task 4 and Task 5 in 
PWA and in controls. PWA appear to exhibit an increase in WS-COV  
with the addition of language demands. 
 
5.4.8.2. Relationships with Other Measures 
As with BS-COV.adj, we focused on looking for associations between 
PWA WS-COVs on Task 5 (MULT-LANG) and the same set of standardized 
measures, as well as age and MPO. A significant negative association was found 
between WS-COVs and CLQT-Attention scores (r = -.471, p < .05), as well as 
WS-COVs and TEA-Map Search (1-minute) scores (r = -.485, p < .05), as well as 
WS-COVs and MPO (r = -.491, p < .05). These results suggest that increased 
moment-to-moment variability in attention is associated with decreased 
performance on a general attention measure, as well as a timed visual search 
task, and that moment-to-moment variability in attention may decrease over the 
course of post-stroke rehabilitation. No other associations between WS-COVs 
and any other variable were found. 
5.4.8.3. Inter-individual Differences within the PWA Group  
Again, in addition to looking at WS-COVs at the group level, we also used 
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two sets of analyses to identify inter-individual differences in patterns of WS-IIV 
among participants in the PWA group. As for BS-COV.adj, we used a k-means 
cluster analysis to identify three groups of PWA with different patterns of WS-
COV on Tasks 1-5. Cluster 1 (which included P4, P6, P7, P8, P9, P12, P15, P16, 
P18, and P20) exhibited roughly similar WS-COVs across the five tasks, with a 
slight increase at Task 3. Cluster 2 (which included P2 and P5) exhibited higher 
WS-COVs for Tasks 1, 3, and 5, but lower WS-COVs for Tasks 2 and 4. Cluster 
3 (which included P1, P3, P10, P11, P13, P14, P17, and P19) exhibited rising 
WS-COS from Task 1 through Task 5, with the exception of a lower WS-COV for 
Task 2. As with the BS-COV.adj clusters, we examined the clusters to determine 
whether they appeared to reflect participants’ scores on any of the standardized 
measures, but again, no patterns were noted. 
As above with BS-COV.adj, we used Crawford and Garthwaite’s Single 
Bayes test (2007) to identify PWA who exhibited a degree of WS-COV on a given 
task that was significantly elevated relative to the control group’s WS-COVs on 
the same task. This analysis identified a total of eight COVs (P1, Task 1; P2, 
Task 1; P4, Task 1; P5, Tasks 1 and 5; P11, Task 5; P12, Task 2; P17, Task 5) 
that were significantly higher than those of the control group.  
5.4.9. Associations between Between-Session and Within-Session Intra-
Individual Variability 
Finally, although this was not a primary goal of the study, we checked for 
correlations between BS-COV.adj and WS-COVs, for each Task, across 
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participants. Only Task 2 showed a significant correlation (r = .41, p < .01); Tasks 
1, 3, 4, and 5 showed no significant correlations. These results suggest that, in 
general, BS-IIV in attention and WS-IIV in attention may vary independently from 
one another. 
5.5. Discussion  
5.5.1. Introduction 
This study examined the impact of task demands on both between-
session and within-session intra-individual variability in attention in aphasia. 
Specifically, “task demands” involved the type of attention being measured, 
whether the task was limited to the visual modality or required multimodal (visual-
auditory) integration, and whether or not language demands were present. 
Understanding the impact of each of these factors on intra-individual variability in 
attention may have important implications for understanding how attention 
functions in aphasia and what situational components may cause PWAs’ 
attention to fluctuate across moments and across days, resulting, perhaps, in 
poorer overall attention. Of particular importance in aphasia, the inclusion of 
simple language processing demands in two of the tasks allows for an 
examination of how these demands impact variability in performance.   
Accuracy on the five experimental tasks was found to be near ceiling, 
suggesting that the challenge of the tasks was not determining the correct 
response, but rather maintaining consistent attention to the tasks over time. 
Additionally, the finding of increasing standardized reaction times across 
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participants from Task 1 (VIS) to Task 5 (MULT-LANG) suggested that task 
demands increased incrementally across the five tasks. 
5.5.2. Between-Session Intra-Individual Variability 
In the current study, no significant group effect on BS-IIV was noted: 
although PWA were found to exhibit a slightly higher degree of BS-IIV than 
controls, the difference did not reach significance. Interestingly, this result differs 
from what was found in our previous study, which also examined BS-IIV in PWA 
and controls (Villard & Kiran, 2015). There are several possible explanations for 
this difference in results. To begin with, it is important to note that the current 
study was not intended to be a replication of our previous work: it had different 
aims and therefore a separate set of tasks was constructed to achieve those 
aims. Not only were language demands included in two of the tasks in the current 
study (whereas language demands were absent from the tasks used in the 
earlier study), but three of the tasks in the current study required multimodal 
integration (rather than only one as in the earlier study). These differences alone 
may account for this difference in group-level results, especially since IIV is 
thought to be highly task-dependent. Another possible contributing factor is that 
in the previous study, the most complex task was consistently administered last 
(possibly resulting in added fatigue during this task), whereas in the current study 
the order of the tasks was counterbalanced. This explanation would also point to 
the importance of situational demands in BS-IIV. Additionally, it is important to 
note that while an adaptation effect across the four tasks was not observed in the 
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previous study, one was observed in the current study, a fact which necessitated 
adjusting the BS-COVs to control for this effect. It is possible that this adjustment 
caused the difference between PWA and control BS-COVs to shrink below the 
level of significance. Any, or all, of these factors may have played a role in the 
lack of significant group effects on BS-IIV in the current study. 
Another difference between our previous study and the current study was 
that in the previous study, BS-IIV was found to increase as task demands 
increased for PWA, whereas the current study noted this pattern across 
participants to some degree. Again, we believe this to be a function of different 
task demands and task characteristics between the two studies – in particular to 
the addition of language tasks, as both PWA and controls appeared to show 
higher BS-IIV on Tasks 4 and 5 (the tasks that included a language component) 
than on Tasks 1-3 (the tasks with no language components). Despite this 
similarity between the two groups, however, there was also a difference in how 
tasks demands impacted PWA performance vs. control performance: we noted a 
slight (though non-significant) increase in BS-COV.adj from Task 4 (MULT-LEX) 
to Task 5 (MULT-LANG) in PWA, but not in controls. This suggests that while 
both groups exhibited increased BS-COVs on Tasks 4 and 5 relative to Tasks 1-
3, the addition of true language processing demands – rather than simply lexical 
decision demands – in Task 5 may have resulted in even higher BS-COVs within 
the PWA group, but not within the control group. This finding suggests that 
PWAs’ ability to maintain consistent attention is highly sensitive to the presence 
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of language demands. 
The results of our analyses investigating inter-individual differences in BS-
COV.adj within the PWA group add another dimension to these analyses. The k-
means cluster analysis revealed that different PWA exhibited different patterns of 
between-session variability from task to task. For instance, one cluster (Cluster 3, 
consisting of P1, P2, P3, P4, P11, P13, P16, P17, P18, and P20), was 
characterized by a clear increase in BS-COV.adj as task demands increased 
from Task 1 through Task 5, whereas another cluster (Cluster 1, consisting of P5, 
P6, P7, P8, P9, P10, P12, P15, and P19), showed only a slight increase in BS-
COV.adj as task demands increased from Task 1 through Task 5. This finding is 
important for two reasons. First, the fact that both of the larger clusters showed 
evidence of increasing BS-COV.adj from Task 1 through Task 5 emphasizes our 
finding, described above, of increased task demands resulting in increased levels 
of BS-IIV in PWA. However, the fact that these two clusters showed different 
degrees of task-driven increases in BS-COV highlights the existence of 
differences within the PWA group and underscores the importance of evaluating 
BS-IIV separately for each individual.  
Similarly, the Crawford & Garthwaite analyses also investigated inter-
individual differences in BS-IIV within the PWA group. These analyses revealed 
that, while a significant difference between PWA and controls was not observed 
at the group level, several PWA did exhibit levels of BS-IIV that were significantly 
higher than those exhibited by the control group, on certain tasks. These results 
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suggest that PWA differ from each other in terms of how much between-session 
variability they exhibit: some may be significantly elevated compared to age-
matched healthy controls, while others may not. No patterns linking PWA who 
exhibited an unusually high BS-COV.adj to standardized test scores were noted.  
5.5.3. Within-Session Intra-Individual Variability 
Our finding that PWA exhibited higher WS-IIV than healthy controls 
suggests that it is important to take moment-to-moment fluctuations into account 
when thinking about attention in PWA. Additionally, results of the current study 
showed that tasks with higher demands elicited higher degrees of WS-IIV across 
all participants, suggesting that when the complexity of a situation is increased, 
fluctuations in attention from moment to moment also increase. Specifically, Task 
5 was found to elicit higher WS-COVs than either Task 1 or Task 2, a result that 
suggests that WS-IIV increases when true language processing demands are 
added.  
The finding that WS-COVs were significantly higher for Task 3 than for 
Tasks 1 and 2 was unexpected. While Task 3 was not the main focus of the 
study, it is worth briefly discussing the occurrence of these higher WS-COVs, 
which was likely due to the specifics of the demands that Task 3 placed on the 
participant. The purpose of Task 3 was to create a “bridge” between the non-
linguistic and linguistic tasks, one that added in multimodal integration and some 
degree of semantic processing, without adding any linguistic elements. It was 
determined that the best way to do this would be to use symbols that were easily 
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interpreted as representing emotions (happy and sad) and to teach participants 
two sounds that also represented those same emotions. However, it may be the 
case that this task was too unlike the other tasks, or that participants had 
difficulty keeping the task instructions in mind, or that introducing the concept of 
emotions added another level of processing that was not intended, resulting in 
higher WS-COVs than had been anticipated. 
Finally, we noted a slight (though non-significant) increase in WS-COV on 
Task 5 relative to Task 4 in PWA, but not in controls, hinting at the possibility that 
not only is WS-IIV higher in PWA than in controls across the board, but when 
true language processing demands are added to a task, the gap between the two 
groups widens even further. Also regarding WS-COVs in PWA, significant 
negative associations were found between WS-COVs on Task 5 and months 
post onset, as well as CLQT-Attention score and TEA Map Search-1 minute 
score. The first of these associations suggest that as PWA progress through their 
recovery, WS-IIV in attention decreases. The other two associations suggest that 
individuals with higher levels of WS-IIV in linguistic attention achieve poorer 
scores on standardized measures requiring language and attention, a result that 
helps to validate our hypothesis that attention is intrinsically linked to time-based 
performance and that poor attention may therefore be associated with higher 
levels of WS-IIV.  
As with BS-COV.adj, the results of our analyses investigating inter-
individual differences in WS-COVs within the PWA group add some information 
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to our understanding of WS-IIV in attention in aphasia. The k-means cluster 
analysis on WS-COVs shows that different PWA exhibited different patterns of 
variability from task to task – i.e., that not all PWA reflected the pattern that was 
observed for the group overall. Cluster 3, for example, showed a roughly 
increasing trend in WS-COVs from Task 1 through Task 5, whereas Cluster 1 did 
not show a noticeable increase in WS-COVs as task demands were added. 
These differences within the PWA group speak to the importance of evaluating 
WS-IIV separately for each individual: some PWA may be more impacted by task 
demands than others.  
Similarly, the Crawford & Garthwaite analyses also investigated inter-
individual differences in WS-IIV within the PWA group. This set of analyses 
revealed that despite the finding of significantly higher overall WS-COVs in the 
PWA group than in the control group, relatively few PWA exhibited a WS-COV 
that was significantly higher than the control group on any given task. This finding 
again points to the fact that not all PWA are alike when it comes to WS-IIV: some 
may show notably increased variability under certain conditions, whereas others 
may not. There was no evidence that the PWA participants who did show one or 
more high WS-COVs had anything in common with each other in terms of 
standardized test scores. In terms of Task-based differences, it is worth noting 
that the majority of PWA WS-COVs that were flagged as “high” were WS-COVs 
for either Task 1 or Task 5, a result which aligns with the results of the t-tests 
comparing PWA vs. control WS-COVs on each of the five Tasks (only Task 1 
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and Task 5 show significant differences). The finding of PWA vs. controls 
difference for Task 5 again indicates that when true language processing 
demands are added to a task, PWA begin to exhibit substantially more within-
session variability than controls. The finding of a group difference for Task 1 is 
more difficult to interpret, but it could speak to PWAs’ difficulty staying 
consistently focused when a task is so simple that it becomes tedious, and/or is 
perceived to present no real challenge. 
Finally, it is also worth noting that the clusters identified in the BS-COV.adj 
analysis and the clusters identified in the WS-COV analysis do not line up with 
one another, a point which, along with the relative lack of correlations between 
BS-COVs and WS-COVs, suggests that these two types of variability must be 
evaluated separately in PWA. 
5.5.4. Implications of the Study 
The results of this study have important implications for our understanding 
of attention in aphasia, and in particularly our understanding of fluctuations in 
attention over time in this population. To begin with, our results collectively show 
that task demands are key in determining the level of intra-individual variability in 
attention that can be expected to be observed in a given situation, and that this is 
the case for BS-IIV as well as WS-IIV. In general, it seems that adding task 
demands – and in particular, adding language demands – increases both BS-IIV 
and WS-IIV, and that it does so for PWA as well as, to some extent, for controls. 
Our results also suggest that at least in terms of WS-IIV, PWA appear to 
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exhibit higher degrees of fluctuations than do healthy controls. Additionally, our 
results suggest that this is particularly relevant when language demands are 
present: PWAs’ variability – both between-session and within-session – rises 
even more when true language processing demands are added to a task. This 
result aligns well with earlier studies that have found evidence of an interaction 
effect between attention and language. For instance, Murray and colleagues 
compared the effect of adding a secondary linguistic task vs. a secondary non-
linguistic task to a primary linguistic task and found that adding a secondary 
linguistic task resulted in a greater degree of primary task slowing than adding a 
secondary non-linguistic task did (Murray, Holland, & Beeson, 1998). Hula and 
colleagues conducted a similar experiment and found a similar result, although in 
this case the effect did not reach significance (Hula, McNeil, & Sung, 2007). 
While these studies did not look specifically at IIV in attention, they still found an 
interaction effect such that when language was added to an attention task, 
performance decreased substantially. What our results add to this discussion is 
that adding language demands to a task may negatively impact not only reaction 
time itself, but also within-session intra-individual variability in reaction time. This 
finding could also have implications for understanding why PWA have been 
shown to exhibit IIV over time in performance on language tasks such as 
confrontation naming and syntactic comprehension. If attention is pathologically 
fluctuating over time in PWA, and attention underlies language, then it would 
make sense that language performance might also fluctuate over time. 
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Furthermore, indices of WS-IIV negatively correlate with scores on several 
standardized measures of attention and language in PWA; that is, higher 
degrees of WS-IIV in attention are associated with lower scores on these 
measures. The implication here is that WS-IIV in attention is a construct that 
really does tap into the detrimental effects of brain damage on task performance 
in PWA. This is the first such finding in the literature on attention in aphasia, and 
further underscores the importance of continuing to investigate WS-IIV in 
attention in aphasia. 
Finally, in addition to highlighting group differences between PWA and 
controls, at least in terms of moment-to-moment variability, our results also show 
that the degree of variability in attention depends on the individual – and that this 
is true for both BS-IIV and WS-IIV. The implication here is that when considering 
WS-IIV and BS-IIV in individuals with aphasia, it is important to assess these 
dimensions of performance within each individual, rather than drawing 
conclusions that are merely based on the presence of aphasic symptoms. So not 
only are BS-IIV and WS-IIV dimensions of performance that need to be 
evaluated separately, but PWA may also differ from each other in terms of the 
relative degree of BS-IIV and WS-IIV they exhibit on different tasks. 
All of the above findings may have implications for someday better 
understanding language treatment outcomes in PWA. The fact that PWA show 
increased WS-IIV in attention relative to controls, as well as the fact that adding 
language demands appears to increase the gap between the two groups, could 
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turn out to have major implications for language therapy, as good attention skills 
are presumably required in order for a patient to remain focused throughout an 
entire therapy session. If a patient is not able to consistently attend to the therapy 
protocol throughout a session, the benefit that she obtains from that session is 
likely to be compromised, regardless of the quality of the therapy method. Task 
5, the most demanding experimental task, was designed to involve the type of 
attention demands that are likely present during language therapy. The degree of 
fluctuations in performance observed during this task, therefore, are thought to 
provide a glimpse into the types of fluctuations in attention that participants might 
experience in a language therapy context. Furthermore, since therapy sessions 
are likely even more complex and demanding than our most difficult task, then 
our finding that higher task demands elicit higher levels of IIV would suggest that 
a real-life therapy session might be expected to elicit even higher degrees of 
variability.  
5.6. Conclusion 
While more research is needed to understand the impact of IIV in attention 
on therapy outcomes, it is possible that the inter-individual variability in degrees 
of moment-to-moment and/or day-to-day fluctuations in attention observed in this 
study could someday help explain differences in response to treatment outcomes 
in patients whose diagnostic profiles are otherwise similar. Further research 
should therefore focus on further examining how PWA may differ from each other 
in terms of their fluctuations in attention over time. Elucidating these patient-to-
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patient differences in intra-individual variability may one day play an important 
role in explaining the patient-to-patient variability in response to treatment that 
continues to puzzle both therapists and researchers in the field of aphasia. By 
systematically investigating the factors that impact IIV in attention in aphasia, this 
project has succeeded in laying a solid foundation for future work directly 
investigating the link between IIV and treatment outcomes in this population, with 
the end goal of one day being able to reliably predict an individual patient’s 
response to language therapy. 
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6. Overarching Discussion of Results 
 
 The goal of this project was to investigate attention in aphasia from a 
domain-general perspective, with a particular focus on intra-individual variability 
(IIV) in attention over time. We began by offering a schema for understanding 
attention and language in aphasia, followed by two experiments that examined 
the effect of task demands on IIV in attention in both PWA and healthy controls.  
In Chapter 2 we presented a theoretical framework for understanding the 
relationship between attention, language processing, and IIV in aphasia, taking 
into account the impact of brain injury on these constructs and the possible 
impact of IIV on language assessment and treatment in PWA. The schema (See 
Figure 6.1) suggests that when considering attention in aphasia, it is important to 
take into account the existence of multiple types of attention, some of which are 
more complex – or more demanding – than others. It also suggests that 
attention, as a domain-general, gateway process, helps to support speech-
language processing. However, the schema also suggests that brain damage 
can impact attention and language differentially – in other words, even though 
attention has an impact on language, brain damage can impact these two 
processes in different ways. Finally, it proposes that task demands – both 
attentional demands and language processing demands – can impact IIV in 
performance, and, finally, proposes a possible causal link between IIV and 
performance on language assessments, as well as on language treatment 
outcomes. The two experiments described in this manuscript were designed with 
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this schema in mind. 
 
Figure 6.1. Schema described in Chapter 2 of this manuscript 
 
The results of the first experiment, described in Chapter 4, showed that 
PWA exhibited higher levels of BS-IIV than did healthy controls. This provided 
evidence that BS-IIV in attention is increased in PWA even in situations where no 
language processing is required. This suggests that between-session fluctuations 
in attention are pervasive in PWA across a wide variety of tasks, which in turn 
suggests that BS-IIV in attention is an important metric to further examine in 
PWA. Additionally, results from the first experiment showed a task effect on BS-
IIV for the PWA group, such that increased task demands elicited higher degrees 
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of BS-IIV, whereas this pattern was not observed for controls. This suggests that 
in more complex environments with more attentional demands, PWA may 
experience additional breakdowns in attention that are not experienced by 
healthy individuals. Finally, the fact that this experiment did not uncover any 
significant associations between IIV in attention and scores on language 
measures suggests that while attention, as a domain-general process, may 
provide support for language processing, one cannot necessarily predict an 
individual’s language ability based on the degree of between-session fluctuations 
in their attention over time. The results of this experiment help to validate the 
theoretical schema, providing evidence that not only do PWA exhibit impaired 
attention, they also exhibit IIV in performance on attention tasks, and, 
furthermore, that IIV is dependent on task demands.  
The results of the second experiment, described in Chapter 5, did not 
reveal group differences in BS-IIV in attention. As discussed previously, there are 
several factors that may have influenced this result. For one thing, the first and 
second experiments were fundamentally different from each other due to the use 
of different tasks: the first experiment consisted of a fine-grained analysis of BS-
IIV in both visual and auditory non-linguistic attention, while the second 
experiment had a broader scope, as well as a particular focus on language 
elements and multimodal integration. The difference in results may also have 
been due in part to differences in the order of task administration. Another factor 
may have been the BS-COV adjustments that were necessary in the second 
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experiment – a phenomenon which was also likely a function of task demands. 
The implication of these collective results is that IIV is fundamentally task-
dependent in nature: the particular demands involved in a task or situation have 
a major impact on the levels of BS-IIV and WS-IIV that are observed.  
Independent of the differences between the two experiments, task effects 
were a major theme throughout the course of this project. Both experiments 
showed that adding task demands/complexity elicited higher degrees of intra-
individual variability in PWA, and that this was true for both BS-IIV and WS-IIV. In 
the second experiment, this pattern was in fact observed to some degree for 
controls as well as for PWA. However, one important difference between the two 
groups was that when true language processing demands were added to a task, 
levels of BS-IIV and WS-IIV appeared to increase more for PWA than for 
controls. This is an important finding because it indicates that even very simple 
language processing demands can cause increased attentional fluctuations in 
PWA.  
While the second experiment did not uncover group differences in BS-IIV 
in attention, it did uncover group differences in WS-IIV in attention, providing 
evidence that PWA exhibit increased variability in performance from moment to 
moment, relative to healthy age-matched controls. These findings may have 
important implications for understanding attention deficits in PWA. The fact that a 
significant group effect was found, such that PWA exhibited higher degrees of 
WS-IIV than controls, aligns with findings from other neurologically impaired 
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populations. It seems that brain damage – even brain damage of which language 
impairments are the most salient consequence – increases the degree of 
moment-to-moment fluctuations in attention on both domain-general and 
language-specific tasks. Additionally, not only was WS-IIV found to be higher in 
PWA than in controls, it was also found to correlate well with scores on several 
standardized tests measuring both linguistic and non-linguistic tasks. This 
suggests that PWA exhibit increased WS-IIV on a very fundamental, domain-
general level, and that this in turn pervades many different types of tasks.  
These results are not surprising – as discussed throughout this 
manuscript, attention is by nature a time-based construct, so fluctuations over 
time would be expected to impact it in a meaningful way. However, little research 
had previously been directed at this dimension of attention in PWA. The one 
study that had previously investigated WS-IIV in attention in aphasia looked only 
at standard deviations of reaction times and did not examine the impact of task 
demands (King, 1995). Our results are therefore unique in the field of aphasia 
research thus far and provide an important foundation for other work specifically 
looking at WS-IIV in aphasia. 
Interestingly, little evidence was found of associations between BS-IIV and 
WS-IIV in attention, suggesting that these two indices of variability may represent 
two separate constructs, perhaps differentially impacting treatment. This lack of 
association was underscored by the two cluster analyses examining inter-
individual differences among the PWA: although three clusters were identified for 
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each of the two types of IIV, the specifics of cluster membership were different 
across the two types: for instance, a PWA who exhibited a high BS-COV.adj on a 
given task would not necessarily exhibit a high WS-COV on the same task, and 
vice versa. These findings necessitate one final update of the schema, as shown 
in Figure 6.2. 
 
Figure 6.2. Revised Schema Allowing for Differential Impact of  
Task Demands on the Two Types of IIV 
 
 
This lack of association between BS-IIV and WS-IIV is not unexpected, as 
previous research on BS-IIV and WS-IIV suggests that these two types of 
variability may stem from different sources. Relatively little is known about the 
causes of BS-IIV, but it has been theorized that it may be a function of 
exogenous factors such as stress or mood (MacDonald, Li, & Bäckman, 2009), 
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or other factors that might cause an individual to feel that she is having a “good 
day” or a “bad day” (Sliwinski, Smyth, Hofer, & Stawski, 2006), and that it is 
therefore somewhat of a behavioral construct. WS-IIV, on the other hand, is 
thought to be related to endogenous factors, i.e., it may be somewhat more 
physiologically based. In a 2009 review, MacDonald and colleagues discuss a 
variety of possible causes of WS-IIV, including aspects of brain structure and 
function, as well as alterations in the activity of neurotransmitters such as 
dopamine (MacDonald, Li, & Bäckman, 2009). A more recent fMRI study on the 
neural correlates of WS-IIV also revealed an apparently complex interplay 
between the default mode network and active attentional networks in the brain 
(Esterman, Noonan, Rosenberg, & DeGutis, 2012).  
Collectively, the results of these experiments suggest that both WS-IIV 
and BS-IIV are important dimensions of performance to consider in aphasia and 
may turn out to have important long-term implications for understanding attention 
in PWA, particularly as it may relate to treatment outcomes. Despite the fact that 
PWA have, as a group, been shown to have deficits in attention processing, 
relatively little consideration has been given to the possible impact of these 
attentional deficits on language therapy situations. It is important to remember 
that a language therapy session is a complex environment that likely places high 
demands on the attentional system. An individual therapy session includes both 
language processing demands and high attentional demands, as well as 
multimodal integrational processing demands, and can last from thirty minutes to 
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two hours. A lack of consistent attention within a single session may have a 
substantial negative impact on the benefits that the patient is able to reap from 
that session. Our finding that IIV increases even more when even simple 
language demands are added becomes particularly important here, as it 
suggests that the challenging linguistic aspects of a language therapy session 
could drive BS-IIV and/or WS-IIV up even further. Again, our finding of 
decrements in attention performance when language demands are added is 
consistent with earlier work suggesting that language and attention demands 
interact with each other, resulting in decreased performance in PWA (Murray, 
Holland, & Beeson, 1998, Hula, McNeil, & Sung, 2007). 
The findings of this project – specifically, that PWA experience higher 
degrees of fluctuations in their ability to attend than their healthy, age-matched 
counterparts, and that PWA experience increased fluctuations in attention when 
task demands are increased and language demands are added – suggest that 
fluctuations in attention are important to examine more closely in aphasia. Our 
finding of inter-individual differences in BS-IIV and WS-IIV among PWA points to 
IIV as a possible explanation for why some PWA show greater improvement in 
therapy than others. Future research should look directly at the relationship 
between IIV in attention and improvement in a therapy program over time. 
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